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ABSTRACT 

Three related documents comprise this final report of 
a project dealing with the creation, testing and c*"^ stribution pf 
mathematical software. The first summarizes discussions held by the 
principal investigators with selected experts op mathematical 
software, the second consists of a working paper for discussion, and 
the third is a paper which considers the pros apd cons of 
distributing software via different media. The project's research 
team conferred with aDout two dozen leaders in the development of 
mathematical software, originated the concept of a mathematical 
software alliance, conducted a Software Certification Workshop, and 
developed techniques for software distribution. The study recommended 
that an alliance of institutions should be established to provide a 
focal point for the creation and dissemination of high quality 
mathematical software and proposed the formation of a Mathematical 
Software Advisory Council which would be charged to: 1) initiate a 
program of research on methods of evaluating mathematical software; 
2) assume technical review and policy guidance for selected 
activities now underway; 3) contract for the development of 
mathematical software; and 4) provide a plan for the growth of these 
initial activities. (P3) 
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OVERVmV 

We have carried out a one and one-half year study focusing on 
problems related to the creation, testing, and distribution of mathe- 
matical software. During this period we discussed these problems ^d.th 
a number of individuals who are vitally concerned with their solution 
and who are employed by government laboratories, universities, and pri- 
vate industry. We diose to interview in deptl* a relatively small group 
of people who are very active in the mathematical software area, pre- 
ferring this approach to a broad opinion survey. We have gained in- 
sight from extensive and intensive discussions with these experts and 
they have expressed their interest in becoming involved with a broadly 
based attack on the problems. 

We began with the belief, whidi has been strengthened, that there 
is a need for better matiiematical software than is currently available , 
and tliat sometliing can and should bo done about it. Bad software resuUs 
in the degradation of the conputer as an effective scientific tool. i\Tiile 
tlie waste in financial and human resources Lmplied by this fact is not 
always dramatically obvious, its iinportance arises from the heavy depen- 
dence placed by the scientific and engineering communities on the computer. 
Tlius tlie consequences of bad soi:tware, \vhi1e perhaps subtle, have a pro- 
O found effect on the advance of science aTid tedmology. 
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One common observation, illustrating the waste of resources, is 
that many scientists vnrite their asix mathematical soft^vare. This prac- 
tice is a result of their lack of trust in the soft^vare available to 
them and the difficulties they encounter in obtaining and utilizing it. 
Another form of waste is illustrated by the large gap bet^veen the 
development of algorithms and the inplementation of these algoritlims as 
computer programs. Progress in numerical mathematics in the last decade 
has resulted in good metliods for performing a number of fundamental 
conputations that arise in science and engineering. But during the same 
period the conplexity of confuting systems has vastly increased, thus 
enlarging the problem o£ molding good soft^vare from good methods. The 
potential of the intellectual advances is not being realized. 

Our conversations during the course of this study have convinced us 
that resources exist which, if properly utilized and further developed, 
can significantly inprove this situation so that scientists and engineers 
can be provided with mathematical software that they can use effectively , 
that they can trust, and that will represent the state of the art in num- 
erical algorithms. We will attenpt to distill and interpret those con- 
versations in this report. 

We recognize that the creation of good soft^vare is a difficult and 
demanding endeavor requiring a variety of talents applied by the best people. 
It cannot be successful without careful coordination of activities in riumer- 
ical mathematics, program testing, documentation, and distribution. We have 
formulated a recommendation for the first steps toward an organizational 
structure within which experts in these fields can cooperate so that their 
efforts lead to high quality mathematical softi\'are. 



After summarizing the purposes of this planning. study and the 
activities in which we have engaged, we shall present brief synopses 
of opinion on certain key issues. It would be surprising if there were 
unanimity among those actively engaged in a field as new and volatile 
as the creation of mathematical soft^vare. However, we believe that 
consistent patterns of opinion amount to a consensus on the major issues 
and that the will exists to work out the operational details. We claim 
that we have listened carefully and speak in good faith, but naturally 
.ve assume full responsibility for the interpretations and recommendation. 
Several documents are attached and fom an integral part of this 
report. A list of them follows, together with the abbreviations we shall 
use in making reference to them: 

£MR "Proceedings of the Software Certification Workshop held at 
Snow Mountain Ranch, Granby, Colorado, August 27-30, 1972; 

DIS "Sunmary of Discussion Related to the Issue of the Creation, 
Validation, and Distribution of Mathematical Soft^vare," 
prepared by Dorothy Lang from notes of Wayne Cowell and 
Lloyd Fosdick; 

MSA "A Mathematical Soft^vare Alliance" by Wayne Cowell and 
Lloyd Fosdick, a vrarking paper for discussion; 

DSR "Distributing Soft^^are Study and Report," by Dorothy E. Lang 
for Lloyd Fosdick and discussion. 

Purposes of the Study 
Tliree broad purposes were sen'cd by the activities in this study. 
Those were: 
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Pi. To explore with the scientific conputing community certain 
basic questions regarding the creation, testing, and dis- 
semination of high quality matliematical soft^vare. These 
questions centered on the following issues: 
a. The meaning of quality in software; 

Education in soft^vare evaluation; 
€• Research in software evaluation; 

d. Determination of user needs for mathem^^tical software ; 

The publication and distribution of algorithms and software. 

P2. To prepare a conceptual plan for an organizational structure to 
focus the processes of creating, evaluating, and disseminating 
mathematical soft^vare; to stimulate discussion of the plan, 

P3, To use editorial activities connected with the Algoritlims 

Department of the Communications of tlie Association for Computing 
Machinery^ as a proving ground for techniques in refereeing 
algorithms submitted for publication. 

Project Activities 
In pursuit of the above purposes we: 

Al. Conferred with about two dozen leaders concerning the questions 
in PI and P2; these discussions are summarized in DIS; 

A2. Originated the concept of a "mathematical software alliance'' 
in response to P2; a description of the alliance as presented 
for discussion is given in MSA; 

A3. Conducted a Soft\vare Certification Workshop at Snow Mountain 

Ranch near Granby, Colorado, August 27-30, 1972. The proceedings 
(S'lR) were prepared by editing the tape recorded sessions; 
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A4. Involved student research assistants in editorial activities 
and studies of techniques for softv>rare distribution; the re- 
sults were reported by Lloyd Fosdick under Discussion Topic II 
of SMR and by Dorothy E. Lang in DSR. 

Brief Synopses 

This sec\ion provides a condensation of opinion on various topics 
and serves as a guide to documents where these opinions are more fully 
expressed. 

Software Quality 

It is evident that the expression "quality software" connotes a 
useful concept even though a precise definition proves to be elusive 
and probably unnecessary. AttachuBnt of this expression to a particular 
piece of softvvare is a subjective exercise and, in the final analysis, 
depends on the judgment of recognized e^q)erts. The idea of quality 
recognizes considerably more than characteristics of the soft\>rare itself; 
in particular, it includes such attributes as completeness of the docu- 
mentation, performance of the program relative to its documentation, 
comparison of the program with others of the same type in terms appropriate 
to the problem, aiid adequacy of continuing maintenance and support. 

An inportant notion that emerged was reproducibility of results. 
The analogy frequently dra\m was witli the scientific e5q)eriment, described 
in sufficient detail to permit repetition by independent workers. It was 
felt that a similar principle should apply to quality software, i.e., test 
procedures should be described in sufficient detail to permit other users 
to repeat them and reproduce the original results . 
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It was observed that rigorous proofs of correctness do not exist 
for most practical procjrams and' the feeling was expressed that their 
existence is not on the near horizon. Correctness of practical pro- 
grams will rely on certification procedures and imposition of structures 
on program organization that permit easy testing and reduce the likeli- 
hood of errors. Fotmal correctness is an important long-term research 
goal. 

Pointers to further discussion: 

CimattznlzinQ AOjJiiC'W.e quaZUy - Discussion summaries, SsU Topic I; 
Draft definitio;^ of "certification," SNIR, p. 59; Hull 5 Cowell, SMR 
Topic I; Cody ["The Evaluation of Mathematical Softi\'are" in Program 
Test Methods , William C. Hetzel, ed.. Prentice -Hall, 1973]. 

Evaluation mzMiodology - Hull, Cowell, and Neu-bery, Topic I. 

GzmAot - DIS, Sections I and II. C. (Note clarification cf IMSL position 

in Battiste, SMR Topic VI.); Ng ["Mathematical Softivare Testing Activities" 
in Program Test Methods , William C. Hetzel, ed. , Prentice-Hall, 1973]. 

Education and Internship 

While there was general agreement that the subject o£ softivare evalua- 
tion should be a conponent of a computer science curriculum, it was not 
felt that specific courses on this subject were appropriate. Instead, the 
attitude vas that the study of evaluation and development of an apprecia- 
tion of softivare quality should be part of other courses ; for example , 
courses in numerical mathematics. Internship programs, permitting on-the-job 
training in the development of quality softi^are, were also recommended as a 
potentially productive mechanism for education in this area. 
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Pointers to further discussion: 

CouJiAZ dzUgn - Ne\vbeTy, SMR Topic 11; Thacher discussion summary, SNIR 
Topic II; DIS, Section II. D. 

On-tkt-job tMliUng - Fosdick, SMR Topic 11; Thacher discussion summary, 
SMR Topic II; DSR is the report of a student project. 

Research Tn Software Evaluation 

While research in numerical mathematics enjoys a high academic status 
in departments of conputer science, the same does not appear to be the rule 
for research aimed at the creation of methcJs and tools for evaluation of 
mathematical software. Part of this is simply a reflection of attitudes 
with respect to "pure" and "applied" research. However, this situation is 
also due tc the fact that little academically oriented work has been done 
in this area; consequently there are no established frames of reference. 
Change is indicated and promising research programs in this area are being 
initiated at some universities. 

Applied research in softivare evaluation goes on in non- academic 
institutions in response to mission oriented needs. There is a recognition 
that bridges joining such activities with those at universities would be 
very beneficial and should be encouraged. 

Pointers to further discussion: 

UtUadeJ> tcMcuxd /leieoAc/i - Osten-;eil and Fairley discussion summaries, 
SMR Topic III. 

Some cuAAznt fiutoficii dUzctioni^ - Boyle and Fairley, ^IR Topic III; 

Sadowski, SMR Topic III and with D. W. Lozier ["A Unified Standards Ap- 
proach to Algorithm Testing" in Program Test Methods, William C. Hetzel, 
ed.. Prentice -Hall, 1973.] 
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Gtntnal - Fritsch, SMR Topic III; DIS, Section II. 

Liaison with Users 

Differences in interests and attitudes create communication barriers 
between users of mathematical software and the experts who create alsorithms 
and software. Frequently users fail to appreciate the difficult. ^ and 
hazards of numerical computation with the result that they attempt to write 
programs in sijnplistic ways, witli poor results. Moreover, they are not 
always synpathetic to the investment required to .produce good software. 

Keen awareness of the needs of the user community is unconmon among 
mathematical softivare professionals. 

Various methods of inproving coninuni cations have been suggested. These 
include: small working seminars focusing on a particular applications area; 
monitoring of software usage to provide helpful feedback; ready availability 
of expert consultation (in person and by phone) designed to attract users to 
recommended routines and increase confidence that these routines could be 
safely used; users groups representing a particular area of interest. 

Pointers to further discussion: 
U6eA need-i - Smith, SMR Topic IV. 

UACA/expeU IrUeJuicUon - Ng, ^IR Topic IV; S^.ewart and Hetzel discussion 
suranaries, SMR Topic IV; DIS, Section III and Section V.B.I. 

Publication and Distribution 

The possibility of a journal of mathematical soft^vare was raised on 
several occasions . Supporting reasons were that such a journal would pro- 
vide a focal point for work in this area, assist in establishing standards, 
and be an outlet for professional work providing a professional recognition 



fuictioi as well as a conrnimication function. Journal prqpcments voiced 
the q?lni(Mi that existing journals do not provide an adequate caisnunica- 
tion medianism for much work in mathematical software; either the editorial 
p-)Iicy precludes pifclicaticm of such work or the lav professional standards 
of the journal discourage many frcHn using it. 

In exploring the role of the private sector in producing and dis- 
tributing programs we saw again the in?>ortance of establishing bridges 
between universities , government research laboratories , and private enter- 
prise. Obvious cOTiflicts arise between private proprietary interests 
and the interests of free exchange of information. However, our inpression 
was that the problems raised here caild be resolved. 

Pointers to further discussion: 

JovJuial 0^ mevtlimatical io^*ca/ie - Rice, SMR Topic V; Ostcnveil and Fairley 
discussion summaries, S'^tR Topic III; DIS, Secticsi IV.B. 

?fU.v<Uz t,(LcJtoK notz - Battiste, SMR Topic VI; Lawson discussion suimary, 
SMR Topic VI; DIS, Section IV. C. 

* 

Organization to Foster Mathematical Softv^are 

The concept of a mathematical software alliance grew out of our dis- 
cussions. A broad plan for the alliance, identifying problem areas, types 
of activity, and division of labor was discussed at. some length with general 
agreement on the central ideas. The feeling emerged that a planning group 
should be <;stablished to work out the details of its structure, its identifi- 
cation with institutions, its inicial tasks, and it^ fmding, (See 
RecOTmendation . ) 
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Pointers to further discussion: ^ 

A mithwvUcat boiim^c aJtUmct - MSA; Cowell, »1R Vopic VI- Lynn and 

La^on discussion stranarics , SMR Topic VI . 
^enwAfe* on jmuote Accto/i noU - Battiste, »1R Topic VI. 
RemoftfeA on NSF ncXwoife pKOQ}iam - Shennan, Topic VI. 
Qt^vial ' DIS, Section V; Fosdia I The Production of Better Mathematica.l 

Software, CACM, vol. 15, nr. 7, July 1972, p. 611.] 
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RECaMENDATIQN 

As a result o£ this study, we are convinced that an alliance of in- 
stitutions should be established to provide a national focal point for the 
creation, evaluation, and dissemination of high quality fnathematical soft- 
ware. The document ^1SA can be used for general guidance, but the initial 
steps must be carefully taken so that a well-adapted structure evolves . 

WE RECONMEND the formation of a Mathematical Software Advisory Council 
of 6-10 menfcers representing the mathematical software and user conmunities 
and selected frem universities, govemn^nt laboratories and the private 
sector. We further recoimend that this Advisory Council be charged to: 

1) Initiate a program of research on methods for evaluating mathe- 
matical software. The initial effort would be viable at the level of two 
man years per year if it could be located at some established institution 
(most appropriately a university) ^^rtiere senior scientists had a genuine 
interest in the creation of good mathematical softi>rare; 

2) Assume technical revievir and policy guidance for selected activities 
now undenvay, in particular the NATS project and research at the University 
of Colorado on the dynamic and static analysis of con^juter programs. 

3) Enter into contracts with selected firms in the private sector to 
supply mathematical software adhering to standards of documentation and per- 
foimance established by the Advisory Council. This endeavor would be con- 
ducted to explore the mechanisms for obtaining mathematical softi^are through 
private enterprise; 

4) Provide a plan for the integrated growth of the above initial 
activities . This plan should deal with 

a) organizational structure, 

b) funding - short term and long term, 

c) technical objectives - short term and long term. 



Summary of Discussion Related to the 
Issue of the Creation, Validation and Distribution 
of Mathematical Software 

The attached material is drawn from discussions Wayne Cowell 
and Lloyd Fosdick had with a number of individuals who are listed on 
the last page. In these discussions we tried to focus on specific 
topics related to the creation, validation, and distribution of mathe- 
matical software. These topics are the headings of the attached mater- 
ial. The discussions frequently tended to center on only a few of these 
topics depending on th^ special interests of the individuals involved. 
Thus the views represented here do not necessarily reflect a majority 
opinion, but they do reflect a fair impression of the comments we 
received. This material Wt,s prepared by Dorothy Lang of the University 
of Colorado from notes taken by Wayne Cowell and Lloyd Fosdick. 



I. SOFTWARE QUALITY: \^AT DOES IT MEAN? 

A, Levels or Gradations of Quality 

It was the general feeling that gradations such as A,B,C should 
not be considered for a collection of scientific software; rather 
it was felt that all of the software should be of top quality. The 
notable exception was the DISL group. It was the feeling here that 
more than one level of acceptability would be appropriate, (It 
appears c it the primary reason this group maintained that more than 
one level of quality would be acceptable was connected with their 
interest in being able to place a software package on the market to 
meet certain schedules or demands before it might have achieved a 
level of perfection,) 

B. Criteria for Quality Software 

In recognition that some program might be good according to 
some definitions and not so good according to others, it is of 
primary importance to describe the basic characteristics and 
behavior of the program. This would allow the potential user to 
make a decision on whether or not the program was good for him 
without tagging it as "good, better, best". Such information might 
include things such as core requirements, accuracy, execution time 
and test case results, etc. It was also pointed out that infor- 
mation about trade-offs among the various characteristics would be 
very useful to the knowledgeable user; but the naive user should 
have reasonable defaults among the various options. 
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C. Complexity and Quality Relationship 

It is the opinion of one person that complexity should be 
minimized, i.e. short programs are better even if more complex 
programs do more (when they work) . This might be an argument 
for packages in which the components are simple. 

II. Research - Testing and Evaluation 

A, Role of University and Government Agencies 

There was general agreement that the activities concerning 
development and writing of programs should be distinct (by groups 
of people) from activities concerning field testing and certi- 
fication of programs. This leads to an important distinction 
between basic research in the areas of testing and evaluation, 
and actual field testing and evaluation of software programs. 
Such research should interface with the on-going activities of the 
certification process. However, the boundary between the two is 
extremely hazy, particularly in discussions concerning the role 
of universities, government laboratories and agencies, and pri- 
vate industry and their respective relation to the alliance. In 
general, it is felt that research (including that of testing and 
evaluation) and development of software should be done at the 
university level; the systematic field testing, certifying and 
initial distribution might best be handled by a non- university 
institution; e.g. Argonne National Laboratory. 

B. Establishment of Test Procedures 

Presently, the creation of high-quality software is intellect- 
ually challenging but is not highly regarded as a professional 
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activity. It is generally agreed that a co-ordinated and consis- 
tent program is both important and needed (not only for the estab- 
lishment of test procedures). The need was recognized, but exactly 
how this would come about was not determined. Some people are 
doubtful of directed research (establishment of a program of research) 
arguing that it is difficult to channel good people into specific 
research areas and that the current role of universities with respect 
to research and mathematical software might be sufficient. On the 
other hand, recognition of specific needs of the scientific community 
toward which the research group would give its attention, as pro- 
posed within the software alliance, might be more effective than 
letting research in such areas develop by chance. The proposed pro- 
gram is not meant to displace current independent research in mathe- 
matical software. 

C. Development of Test Procedures 

The feeling was expressed by some that rigorous test procedures 
concerned with proving correctness of programs and other less rigor- 
ous standards would not be terribly fruitful in the near future. 
Support was expressed in developing tools which wonld aid testing 
and certification of software. It was felt that the more important 
component of testing activities should involve a practical consider- 
ation of the numerical properties of the algorithm. 

The approach taken by IMSL as a company is somewhat different. 
A member of their advisory panel or a consultant who is an expert 
in the field is asked for assistance in checking and testing the 
algorithms. Apparently, no general checklist or procedure is followed 
for all programs; instead, the advice of their consultant or panel 
member on what is adequate and necessary is considered sufficient 
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for certification. 

Whatever approach is used, it has been suggested that evalua- 
tion procedures be documented, so as to be repeat able in the same 
way a scientific experiment can be duplicated. 

D. Education in Testing and Evaluation 

There was general agreement that more emphasis should be 
placed on utilization of computer libraries - particularly in 
computer-based courses. An example of such use can be found at 
Carnegie-Mellon where software testing and certification is con- 
sidered an excellent activity which should be (and is) included 
as part of their educational program. 

III. Determination of User Needs and the Development of Software 

A. Directed Research 

One method of determining the needs of different people is 
through directed research. An example of directed research cited 
in discussion runs as follows: 

1) communicate with users ia a given area to determine 
their basic software needs 

2) develop such software as input to testing-evaluation- 
dissemination processes 

The belief is that step two required a level of sophistication re- 
lating to software concerns that is lacking with users in a given area 

B. Establishment of Users* Groups 

A second mechanism to determine user needs is establishment 
of users' groups. Such groups would consist of representatives hav- 
ing a need for mathematical software to determine guidelines for 

development and procedures. 
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IV. Recognition and Distribution ^ 

A. Advertising and Publicizing 

It was generally felt by all those asked that there is a 
market for good software, but that marketing of such software 
is not emphasized strongly enough. It is important to publicize 
the existence of quality software if those who should use it are 
to become aware of it. It follows, then, that distribution must 
be an active concern of the center. 

B. Professional Recognition 
One way of publicizing the software of the alliance is by 

giving professional recognition to any software developed - 
possibly via a journal published by the software alliance and/ 
or establishment of a professional organization. This could 
provide a medium for distribution on the first level (awareness). 
Questions concerning the relationship of such a journal to the 
algorithms section of the CACM have not been fullv explored. 
Tentatively, it is felt that existing media should continue; 
and the alliance should co-operate with them by aiding the 
refereeing process. In turn the alliance might certify and dis- 
tribute programs developed elsewhere (by other than the alliance). 

C. Role of the Private Sector 
Several methods for the actual distribution of programs 

have been proposed. One proposal suggests that private agencies 
could be contracted for distribution of the software only after 
said software has been certified. The details of how this might 
be done is a difficult and politically charged problem - conflict 
of interest, etc. Any such contracted company should be willing 
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to allow free and open access to information they had regarding 
the development of computer programs (i.e. no privileged activi- 
ties). However, should the federal government enter this area, 
could private distribution organizations become non-existent? 

D. Distribution via a Network: The Role of the Alliance with 
Respect to a Net 

Another possible method for the distribution of programs 
might be through a network such as the ARPA net. Possibly, the 
alliance could be considered as a node in the net, acting very 
much like a library for mathematical software. Members of the 
net could obtain their programs and documentation over the net. 
This would be one manner of distribution rather different than 
that envisioned for a private company. The possibility of be- 
coming a library for scientific subroutines which is a node in 
the ARPA net or the possibility of a future "NSF" net, or both, 
is extremely inviting and should be given serious consideration. 

V. Organization: Structure, Co-ordination, and Funding 
A. Structure 

According to some, the system should be flexible enough to 
allow people to follow their own ideas, yet provide enough struc- 
ture and direction to identify needs and see that they are met. 
Whatever the structure , both political and practical considerations 
are important. 

It has been proposed that the activities of the alliance be 
overseen by a board of governors consisting of representatives 
from the different agencies involved in the alliance. It was the 



feeling of one individual that the board (of governors) should not include 
anyone from private industry because of the potential conflict 
of Interest that it might reflect. (Note: a network distribu- 
tion such as the ARPA net might remove any such possible con- 
flict of interest.) Doubt has also been expressed that the same 
group of people (or board) would have the talent to handle both 
financial and technical affairs equally well. A model similar 
to the IMSL operation was suggested a board of trustees which 
receives authoritative expert advice. 

In order to clarify the role of the participating institutes 
and their relation to the alliance, it was thought best by one 
that the working draft be more specific as to what institutions 
might be involved in the alliance. 

Co-ordination (interfacing) 

There was general agreement as to the alliance organization 

and division of labor as outlined in the working draft: 

research and development at universities 

testing and certification at government laboratories 

dissemination and support by private company or network 

However, co-ordination of these activities is necessary and several 
plans directed toward easing exchange of information have developed: 
1. establishment of a federal scientific software users group 
consisting of about a dozen representatives of various agen- 
cies having a need for mathematical software. Such a group 
would act in a consultative and advisory capacity in an 
attempt to develop a set of guidelines for testing scientific 
software of importance to the government. This group could 
be one mechanism of communication to the developers of pro- 
grams of a more practical nature. Interest was expressed 



by (12) in overseeing such a group. 

2. establishment of a network of graduate students under super- 
vision to perforin some field testing. (This has been a 
well received idea.) 

3. exchange of staff between the research and development group 
and the dissemination and support group. The same mechanism 
might also be established between the research and develop- 
ment group and the testing and evaluation group. Given that 
the normal route of software would be from the research and 
development group to the dissemination and support group 
(for systemization - formatting a consistent package), such 
an exchange could be quite useful. A staff member who is 
working on systemization of a program would have an oppor- 
tunity to work with the researcher who is an expert in the 
area toward which the program is directed. Reciprocally, a 
member of the research and development group (a faculty mem- 
ber or possibly a graduate student) would have the opportunity 
to visit the dissemination and support group to work (aiid 
learn) the practical aspects of developing computer programs 
for wide distribution. (T^.is has interesting potential for 
visiting graduate students when the dissemination and sup- 
port group is a private company.) 

Funding 

Due to the different agencies and institutions presently 
having activities funded by a variety of sponsors, possibly, the 
efforts of participating agencies and institutions should be 
funded independently (of the alliance), but should be program- 
maticaUy consistent with the alliance. There was also mention 
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of the possibility of having a software dissemination and testing 
project funded by severa]^ agencies simultaneously such as AEC, 
NSF, and NASA. 

The question was raised whether NSF (or any sponsoring agency) 
would go along with the idea of a board of governors writing con- 
tracts to individuals or groups either for research or for specified 
services. It has been suggested that possibly NSF could give the 
grants dirt^ctly upon the advice and counsel of the board. 

There is hope that eventually the center will be able to support 
itself. However, it is felt that in order for a center to become 
self-supporting present attitudes, particularly toward money currently 
spent on software, must change. As an example, it was pointed out 
that a typical University Computing Center would be more likely to 
spend 5K on student appointments to develop doubtful programs than 
to use the same 5K to buy good soft^^are. This feeling supports the 
thesis that distribution must be an active concern of the center 
(as mentioned previously in section A, topic IV.) 

VI. Miscellaneous 

A. Support of programs might best be handled by the author (s) rather 
than the distribution center(?). 

B. Hard facts are needed to support the position that an activity such 
as the alliance, should be created. 

C. It is a strong feeling of one individual that the institute should 
have a physical location. It would facilitate the mechanism of exchang- 
ing information among the different co-operating agencies and sec- 
tions of responsibility (research and development, testing and 



certification, disseroination and support) as described in section 
B(3), topic V, 

Involvement of the private sector in a testing and/or dissemination 
activity was generally considered a difficult problem. 
Enlightened management must bring together people and problems. 
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A Mathematical Software Alliance 
Wayne Cowell and Lloyd Fosdick 

Working paper for discussion as part of the Ar^onne 
National Laborcttory-University of Colorado Study 
**Planning an Approach to Testing and Dissemination 
of Computer Prc^rams for Research and Development"* 

Effective application of the conqputer to problems' in science and 
engineering yequlr^s that fundamental mathematical calciilations be performed 
with great accuracy and tiffi-:iency. Ttie scientific user should be able to 
carry out basic computations easily and to rely confidently on the results. 
Uttfortunately, there is a gap between expectation and accomplishment. Only 
in a few research institutions did the rapid, somewhat chaotic, growth of 
high speed computing inspire the creation, careful refinement and effective 
dissemination of high quality software. But increasing concern for quality 
and efficiency is felt among scientific users and mathematical software 
specialists who are seeking retuiti commensurate with personal and capital in^ 

. vestments in cc«ig)uting. 

To ill\astrate ways in which this concern has been translated into 
various kinds of action, we cite three examples: 

(1) A Mathematical Software Symposium was held at Purdue 
University on April l-3> 1970, under the sponsorship 
of ACM SIGNUM with funding from ONR. A book "Mathe- 
matical Software" (Academic Fress, 1971) edited by 
John R. Rice is based on the proceedings of the 
symposium and also discus&es the current status and 
possible future directions of work in mathematical 
software . 



* Work supportf=^d by the National Science Foundation. 
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(2) The NATS project is an NSF-funded collaborative effort 
by Argonne National Laboratoiy, b jaford University, and 
The University of Texas at Austin in cooperation with 
varioxis field test sites, to certify and disseminate 
mathematical software. 

The purpose of this prototype venture is to develop ways 
of supplying the scientific computing canmunity with 
highly reliable subroutines. 

(3) In the private sector the International Mathematical and 
Statistical Library (IVEL) of Houston, Texas, provides 
libraries of subroutines and consulting services to sub- 
scribers. The corporate intent is to \5)grade and maintain 
these libraries at current "state-of-the-science" levels. 

This paper explores ways of organizing a national effort to meet the 
need for good mathematical software. Since any such venture must reflect the 
processes by which such software is created and made available to the user, 
we will first examine the factors involved in its production. 

Systematized collections of computer programs evolve from a con- 
ceptual base in theoretical mathematics through a series of steps in which 
n\zmerical methods are discovered, efficient algorithms for specific tasks are 
devised, programs based on therse algorithms are written, and collections of 
these programs are packaged, tested, refined, and distributed as supported 
software. This is a long chain of events touching several areas of interest. 
Specialists in one area need to see the role that their partictilar skills and 
interests play in the evolution of good software and to be able to relate to 
specialists who concentrate on other aspects of the process. 

It seems natural to divide mathematical software evolution into 

three stagey; 
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Stage I Besearch and Implementation 
Stage II Evaluation and Refinement 
Stage III Dissemination and Support 
To give meaning to these terms we list below examples of types of 
activities associated with each stag^. 

I, Research and Implementation • 

a# Research in support of software development: error 

analysis^ termination criteria for iterative processes, 
interval arithmetic, arithmetic characteristics of 
machine hardware, program testing methodology, hard- 
vare media to facilitate exchange of routines. Comment: 
En5)hasis should be on problems arising from practical 
attempts to produce, test and disseminate mathematical 
software . 

b. Critical surveys of literature (three to twelve months' 
work by an expert resulting in a report covering, say, 
numerical treatment of differential equations). 

c. Computer based comparisons of methods (e.g, Hull, et al. 
Comparing Numerical Methods for Ordinary Differential 
Equations , University of Toronto Computer Center Report 
No. 29). 

d. Develojxnent of nmerical methods for classes of problems 
(e.g. linear algebra, differential equations, function 
approximation), guided by I.b and I.e. 

e. Development of efficient algorithitis for specific tasks 
(e.g. eigenvalues of large band matrices, approximation 
of gamma function), ^ided by I.d. 
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f . Writing, debugging and documenting programs which implement 
the efficient algorithms developed in I.e. 

g. Translating programs from one algorithmic language to 
another. 

h. Gathering programs for a given problem area into a col- 
lection and unifying the collection into ^ package with 
consistent calls, modes of calculation, etc. 

i. Writing supervisory control programs permitting the use 
of packages at a relatively high level of problem des- 
cription. 

j. Organizing workshops involving users and mathematical 
software specialists. 

II. Evaluation and Refinement 

a.- Development of standard benchmarks and test cases for 
various classes of problems. 

!)• Testing and refining programs through trial of standard 
cases (see II. a), field testing, tailoring to a particular 
system, and other methods (e.g., on-line test case generation) 
that may be developed (see I. a). Comment: The methodology 
of the NATS project is both example and guide. 

c. Application of testing methodology as a feature of ref* 
ereeing algorithms submitted to journals. Comment: This 
might be accomplished by graduate student assistants working 
under the supervision of senior referees. 

III. Dissemination and Support 

a. Distribution of certified programs to the user community 
and publication of algorithms. 
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b# Support of certified programs throiigh consultation 
and remedying of incorrect performance. Comment: 
This should involve the developers of the routine. 
We assert that the high quality mathematical software that now exists 
and is readily available has, in one way or another, passed through these three 
stages. Yet very few institutions support activities that eitend from research 
through evaluation tc distribution and virtually no individual is really expert in 
every stage of software evolution. The scarcity of first-rate software is largely 
explained by the difficulty of bringing such a diversity of interests and skills 
to bear on the problem. We propose an organizational framework based on the 
premise that an alliance of institutions is needed to provide the necessary 
range of talent. Such an alliance must facilitate communication among people 
with pertinent interests and skills and stimiilate them to address the problems 
discussed above. 

We shall assume that a parent organization will supply leadership 
• and initial financial support dxaring the formative stage and will accept re- 
sponsibility for the continuing vitality of the resulting organization. The 
parent organization might be (l) a government agency or laboratory, (2) a 
university, (3) a consortitun of universities, {k) a professional society. 

The first step would be to form a group of 6-12 persons who are 
recognized and respected authorities in mathematical software. This group 
would give expert technical guidance in the choice of particular mathematical 
software objectives to pursue as the first tasks of an alliance. After work 
had commenced, the group of experts woiold continue to review the objectives 
and evaluate progress toward them. It voiold be responsible initially to the 
parent organization and then, through some appropriate mechanism, to the 
funding agency vhen the alliance h^d been established. The advisory and reviev 
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group woiild meet regularly to consider matters of technical policy tut it would 
not have operational responsibility for management of the activities. This would 
be the task of a smaller group, say, of 3-6 individuals who would serve as an 
executive committee, responsible for formulating, justifying, implementing, and 
reporting on programs to carry out the objectives of the advisers. The members 
of the executive group would spend a significant portion of their professional 
time on affairs of the alliance. Its members sho\ild be chosen for their skills 
in implementing technical and scientific programs. The executive committee 
would not necessarily be a subset of the advisory group but some overlap may be 
desirable. Let us call the first group the Advisory Panel and the second group 
the Executive Board of the Mathematical Software Alliance. 

Given the existence of the Advisory Panel and the Executive Board 
and assming that federal support for the alliance has been obtained and is 
administered by the Executive Board, we will now describe alternate structures 
for nourishing the three stages of software evolution. (In the sequence of 
actual events, the structure would be described in the proposal for federal 
support.) We will diagram and comment on four plans. In the diagrams that 
follow, solid lines represent continuing direct policy control while broken 
lines indicate that a grant has been made or a contract signed for proscribed 
research, development, or services. 
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Research and Im- 
plementation 
(University) 



T 




Evaluation and 

Refinement 
(Govt. Lab) 



Dissemination 

and Support 
(Private Corp.) 






« Universities and IJon-Profit Laboratories Receiving 

Grants for Work in Research, Implementation, Evaluation, 
and Refinement 

Comments on Flan A: With support from NSF (or some combination of 
ftinding agencies) and guided by the Advisory Panel and Executive Board, a 
university would establish a center for mathematical software which would be 
concerned with the research and implementation stage. The evaluation and re- 
finement stage would be focussed at a mathematical software evaluation center 
located at a government laboratory and established with guidance from the Panel 
arid Board. These two stages would be activities of the federal government. 
• The dissemination and support fianction yovld be carried out by a private, 
profit-making (but regulated) corporation under contract to the Executive 
Board. 
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Althoiagh each of these organizational components would have a 
physical location, it is \mderstood that research, implementation, evaluation, 
and support will be widely dispersed activities if the best talent in the 
nation is to be tapped. It would be the responsibility of the Advisory Panel 
to identify areas of work and groups or agencies who could be requested to 
do this work. Support for work would probably be arranged thro\;igh contracts with 
or grants to individuals or groijps to perform research, development, or testing 
in an area of interest to one of the centers. Presumably these would be grants 
from the funding agency directly to the institution. The Advisory Panel could 
act in a consxiltative capacity when proposals for such grants are reviewed. 

We believe that the ratio of visiting staff to permanent staff 
should be large (perhaps 2/l or 3/1) for the research and implementation 
center. This center would also provide facilities for graduate thesis work 
in pertinent areas. The ratio of visiting to permanent staff would be some- 
what smaller in the evaluation and refinement center but ample support for short 
• and long term visitors should be provided. Visits should be enco\iraged that 
enable specialists to see their roles in a wider context. For example, 
selected staff members of the dissemination and s^^pport company should spend 
time at the research and implementation center to keep current on the latest 
methods and thus enlarge their ability to support certified routines. Also, 
stxidents in computer science should have an opportunity to see the evaluation 
and software marketing process in action. 

The usual path of software would be from the research and imple- 
mentation center to the dissemination and support company (for formatting 
and consistent packaging) to the evaluation and refinement center and, finally, 
as certified software, back to the dissemination and support company for 
marketing and m^'intenance. The issue of proprietary rights to packages whose 
components are developed with public money is not clearly resolved and we 
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cannot settle 

'/it here. The company with the dissemination and maintenance contract voiild 
offer services in the public good and receive a fair retiirn. Another type 
of interface between government sponsored development and the general public 
will be discussed below in Plans C and D. 
Plan B 



Advisory 




Executive 


Panel 




Board 



Mathematical 
Software 
Institute 



Dissemination 

and Support 
(Private Corp.) 



Comment on Plan B: The change from Plan A is that the two federally 
supported centers are combined into one. 

Advantages of Plan B over Plan A - 

* l) A larger "mass" of talent in one place providing greater 
interaction among those involved in various activities; 

2) Individual staff members of the institute have a wider 
choice of activities or combinations of activities; 

3) Possible cost saving due to economy of scale (sxipplies, 
computing, etc.) 

Advantages of Plan A over Plan B * 
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1) Recognizes explicitly the desirability of an academic en- 
vironinent for research and also the advantage of canying 
out "missions" at a laboratory oriented toward structured 
endeavors • 

2) A constructive "adversary relationship" "between evaluator 
and developers is easier to maintain since evaluation is 
0iysically separated from development. 

3) Greater geographical spread bringing software activities 
closer to more areas of the country. 

Plan C 



Advisory 




Executive 


Panel 




Beard 




Research and 
Implementat ion 
(University) 



Evaliiation and 
Refinement 
(Govt. Lab.) 



Non-Competitive 
Distribution & 
Support 



Comments on Flan C: This is a modification of ELan A which is 
intended to stimulate competitive private enterprise rather than contract with 
a particular company to market products subject to regulation. Non- competitive 
distribution and support could mean one of two things: 

1. certified software is distributed and supported (free or 
« for distribution cost) by the two federally finded centers 
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for a specified and limited period, say one year from the 
the time it becomes generally available- After this support 
is tenainated the routines will, of course, remain in the 
public domain but there will be a continuing need for distri- 
bution, maintenance, and consultation; 
• 2. distribution and support would be offered indefinitely from 

the federal centers but a fair market price would be charged 
for such services. 
We foresee the possible emergence of a market for distribution and 
support services and believe that the computing public can be served by en- 
couraging the private sector to develop capacity in this area. 

Comments on the involvement of the private sector : In spite of tlie 
unquestioned scientific value of good mathematical software, we do not have a 
good measiire of its value in the mr-^ket place. One small company (BISL) is 
dedicated to marketing a library of subroutines but has not existed long enough 
.to be assured of a long life. Large companies (e.g. IBM) market mathematical 
software along with many other products and services thus clouding the issue 
of profitability in the specialized area of concern here. Our conversations 
with leaders in the mathematical software business show clearly that a number 
of outstanding questions exist; e.g., what level of software quality assures 
cxistoner satisfaction at acceptable cost to produce? Partial answers are begin- 
ning to emerge through efforts such as NATS which provide additional data on 
the costs involved in mounting a major certification effort. Pending further 
information, our tentative conclusion is that research, implementation, evalu- 
ation and refinement can be accomplished by collaborative efforts v;hose costs 
are acceptable when broadly distributed; i.e., when undertaken as publicly 
supported ventures intended to produce routines and methodology- that viU. be 
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widely used. However, it appears doubtful that small private capital ventures 
could afford these aspects of mathematical software development. All of the 
organizational plans presented in this paper are drawn imder the assumption 
that good mathematical software is a national resource of sufficient importance 
to deserve underwriting by the federal government and that, moreover, this 
support should be given in such a way as to encourage the development of 
private software enterprise which would take over the more costly areas if 
and when the economics made this possible. 

Advantages of Plan C over Plan A - ^ 

1) The problem of selecting, contracting with, and 
regialating a dissemination/support company is 
avoided. 

2) In principle, the value of scientific software in 
an economic sense is determined through the oper- 
ation of a free market. 

Advantages of Plan A over Plan C - 

1) The nature of the distribution and support services 
rendered can be strongly influenced by the Advisory 
Panel, thus enabling expert opinion to dominate purely 
economic considerations. 

2) The uncertainties of the market place can be minimized 
by guaranteeing a minimum return to the company, thvis 
ensuring that the distribution and support mechanism 
will continue to function for the benefit of users 
without the federal centers bearing the burden of con- 
tinuing service. 
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Plan D 
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Executive 
Board 



Mathematical 
Software 
Institute 



I 
I 



H0Q 



Non-Compe t it i ve 
Distribution & 
Support 



Comment on Plan D: This is a Plan B with the dissemination/support 
company replaced by the dissemination and support concept of Plan C. 



Discributing Software 
3tu4y and Report 

Dorothy E. Lang 
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Abstract 

This paper briefly discusses the pros and 
cons of distributing softv/are via different 
media. Included is a preliminary analysis of 
the costs involved. An attempt is made to 
evaluate distribution media and draw some con- 
clusions that might suggest possible solutions 
for the dissemination of mathematical software. 



INTRODUaiON 

Distribution of mathematical software must be an active concern of 
the mathematical software center. It will be important not only to 
publicize the existence of quality software, but to make such software 
readily available. Several mechanisms for the distribution of programs 
have been proposed. This paper attempts to evaluate distribution media 
and provide sufficient information to enable the establishment of econom- 
ical distribution mechanisms. 

In trying to determine the cost of distributing algorithms, we will 
consider the following three media: 

magnetic tape 
80- column cards 
i. telecommunications 

Each of these media is plagued with the problems of character-set 
compatability - ASCII, BCD, EBCDIC. Its an 8-bit world, but some people 
refuse to acini t it and those who do have their own idea of what the codes 
should be. Thus, we have ASCII as the standard with limited use, EBCDIC 
as a powerful loner, and BCD, our old 6-bit standby, as the most popular. 
Most installations that do not use BCD can easily convert from BCD to 
their own codes (since BCD has been so popular, apparently installations 
not using BCD have found it convenient to have available a conversion 
program). In the fast grov/ing world of communications - terminals, 
networks, and telecommunications - ASCII is rapidly gaining acceptance. 
For 7- track tape (which brings up another problem) the 6-bit ASCII 
standard is the old external BCD code. The dilenma seems best resolved 
by using the BCD charactsr-set (or ASCII if you prefer) for magnetic 



tapes, refraining from 9-track tape altogether, and using the ASCII 
character-set when using telecommunications. Hollerith punch codes used 
on cards vary from installation to installation (machine to machine). 
The most notable differences occur with the special character codes. Such 
problems are unique to the card medium. 

In determining costs involved in the distribution of algorithms, 
certain assumptions have been made. Overhead costs of each method are 
ignored in figuring cost estimates. This is not as devastating as might 
first appear. Fixed costs such as creation, development, and maintenance 
of the library are presently indeterminable. One could choose an arbi- 
trary system (the ARPA network might be one) and calculate cost figures 
based upon their charges. However, if the system changes, the cost 
figures change. If the original library size and development estimate is 
far from actual, then so are the cost figures. Rather than distort the 
picture any further than necessary, such overhead is presently left out 
of cost figures with a word to the wise that eventually the figures 
shown will increase by x amount for each medium. (These figures appear 
in Appendix D.) A second type of overhead cost is also ignored. This 
might best be classified as hidden cost and includes such things as 
secretarial time and clerical salaries, etc. 

Lastly, mailing charges and telephone charges vary according to the 
distances involved. Cut-off points between media for longer distances 
may be different than for local distances. For example, it may be 
cheaper to distribute algorithm y locally via terminal lines, but for 
distances over 1000 miles, it may be cheaper to send the algorithm via 
cards. To help determine such cut-off points, the cost of distributing 
each example algorithm is figured for all four media to three destinations. 
Using the University of Colorado as the distribution origin, costs are 



figured to Denver, Colorado (25 miles). Albuquerque, New Mexico t422 miles), 
and Washington, D.C. (1696 miles). 

The pros and cons of each medium will be discussed individually. 
Details of pricing and cost figures appear in the appendices. 



SECTION 2 
MAGNETIC TAPES 

For exchanging large amounts of information (over 5000 card images) » 
tapes are more convenient to use than cards and in addition are econom- 
ically practical. Only 7-track, 1/2" magnetic tapes will be considered 
here. Cost calculations are based on a 556 bpi density, 80 character 
unblocked records (which is the most wasteful format for recording infor- 
mation on tape). The break point between cards and tape is around 2000 
cards. This figure may be somewhat lower depending on the price of the 
tape. 

It appears that tapes vary v/idely in price depending on the manu- 
facturer and size of reel. For example, the range for a 2400' reel of 
tape runs from approximately $10 to $25. This does not include costs of 
seals or cannisters. Appendix A, Tables 1-3 contain more detailed price 
information. 

It is also possible to obtain empty tape reels and cut longer 
length tapes into several shorter ones. For example, the cost of cutting 
one 2400* reel into four 600' reels is around $22 (including the price 
of the original 2400' tape, Memorex MRX III) or $5.50 per 600' reel. 
A 600' tape from the same manufacturer r.ns $9.00 — a $3.50 saving per 
600* reel. It takes one man about 10 minutes to perform the task using 
the IBM 1401. 

Additional factors besides length of tape affecting tape capacity 
are record size, block sizci and density (bpi). Record size, for pur- 
poses here will be fixed at 80 characters/record (a card image). The wide 
range of tape recording densities (200-3200 bpi) causes variability 



in amounts of infomation on a reel of tape. This variability is less, 
however, than that causes by blocking factors (see Appendix A, Table 4). 
For most purposes, it appears that even v/ith inefficient recording a 
single tape can provide a large amount of information. 

There are some considerations one must keep in mind about tapes - 
other than those previously mentioned. Processing tapes is often system 
dependent and care must be exercised in choosing a recording mode and 
density, character-set, record size and block size, let alone tape size 
(both width and length), that is convenient for most users. Exchanging 
information via magnetic tape also initiates a time lag cycle - long 
enough to receive, process, and send out a request. If time is a critical 
factor, perhaps another medium is better. In addition, tapes are ex- 
tremely vulnerable to shipping damage. 

For general purposes of distribution - particularly of entire 
libraries or large subsets of libraries - tape should be considered an 
excellent and most viable medium. 

In calculating magnetic tape costs the following base was used:^ 

central processor time $.09 per mil*card images 

listing .70 per mil 

mass storage and transfer .50 per mil j> 
tape MRXIII Type 25 (Memorex^) 

postal charge , by weight (packing not included) 

* Meaning one thousand 



figures are based on sample runs to copy appropriate information onto tape 
using the CDC 6400 under KsRONOS operating system at the University of 
Colorado. A listing was considered essential in order to determine that 
a correct copy was made. 

^Memorex tapes were chosen as a standard mainly due to the availability 
and conipletoness of pricinq information at the time of this study. Also 
according to recent information, I'orr.orex tape costs are being lowered 
considerably in the near future (approximately $4.00 for a 2400' reel). 
This makes tapes an even mora attractive medium. Additional information 
shows that other manufacturers may have comparable and possibly better 
pri CCS. 



Disregarding parcel post (4th class mail service) and considering 
only airmail or 1st class mail service, the break point between cards 
and tape occurs around 2000 card images or 1 box of cards. This is 
reassuring since anything much over a box of cards begins to become 
rather cumbersome, in addition to punch code differences which are more 
annoying than character-set differences. 



' SECTION 3 
CARDS 

80-column cards must not be disregarded as they are the most readily 
available medium of exchange. But cards, too, have problems with varying 
character codes. Up to a certain point, somewhere between 1000-2000 cards, 
cards are most convenient. Cards are less prone to damage en route, and 
if damaged, much easier to recreate on site. However, transporting more 
than a box of cards is unrealistic. Not only would a package of any large 
size take who knows how long to arrive through the mail, just imagine 
receiving a library of 10,000 cards. 

Card costs were calculated two ways - 1) using a card reproducer 
machine, and 2) using a copy utility to punch a deck on a computer. The 
following bases were used in the cost calculations: 

reproducer tiachine 

cards^ $1.10 per mil 

box .22 per 1/2 box (if needed) 

2 

copy to punch utility 

•punch $.50 per mil card images 

listing .70 per mil 

mass storage transfer .50 per mil 

CP time .09 per mi 1 

box .22 per 1/2 box (if needed) 



based on an average cost from Rocky Mountain Tabulating Card Co. price 
list. 

figures based on sample runs using CDC C400 under KRONOS operating 
system at the University of Colorado. 



, . SECTION 4 
TELECOMMUNICATION 



Evaluating exchange of information through use of telecommunications 
is highly complex. There are many factors to consider in evaluating the 
communication (phone and data) services available, each dependent on the 
job involved, equipment available, and transmission distances. The rate 
structure of the telephone system is also highly complex. The details of 
such rate structures are not readily available; and furthermore vary con- 
siderably depending on origin and distance. Further complicating the 
situation are the netv/ork costs themselves. These too vary depending on 
the netv/ork chosen and its particular charging structure. Factors to be 
considered are such things as connect time cost, central processor time 
cost, storage cost, data transfer cost. 

Detailed analysis of networks is beyond the scope of this study; 
however, to be meaningful and to give a clearer pictu^^e of costs, they can 
not be totally ignored. For the purposes of this report, only connect 
time and CP time will be included in calculating telecommunication costs.- 
Based on the KRONOS network of the Control Data Corporation (see[6]), 
connect time charges are $8.00/hr. , CP time charges are $.20/CP sec. 
These are relatively low charges compared to some other services (refer 
to Appendix C, Table 4). 

Again, detailed analysis of conmuni cation services is beyond the 
scope of this study. Only three types of voice grade services will be 
considered here: 1) DDD - direct dial service; 2) WATS • Wide Area 
Telephone Service; 3) private leased line services. Interstate rates 
for dial-up service are based on the Message Schedule I rate effective 
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February 1, 1970. Assuredly, these are now out-of-date; and most likely 
present rates are higher. The intrastate rate betv/een Boulder, Colorado 
and Denver, Colorado is presently toll-free. 

The WATS rate for Washington, D.C. to Colorado is $1750/nio., for 
Albuquerque, New Mexico to Colorado, $1650/nio., Colorado intrastate rate 
has not been calculated.^ To simplify calculations, figures are based on 
$1700/mo. 

Private line service (leased line) is better suited for data trans- 
mission than dial-up lines (DDD or WATS) as the lines are better controlled 
in addition to being conditioned for data transmission. Conditioning 
adjusts frequency and phase response characteristics of the channel (line) 
to meet closer tolerance specifications. Chosen for this study was CI 
conditioning which will alia.-/ up to 2400 baud transmission rates. The 
rate structure was based on a half-duplex line with 2 terminals (a 2 point 
channel) not arranged for switching. This is the cheapest arrangement of 
leased lines. 

In general, transmission speeds range from 10 char. /sec. to 9600 baud 
(bits per sec, approximately 1200 char./sec). Faster transfer rates 
naturally are much more expensive, and consequently less readily available. 
A 10 char./sec. rate is only practical for transferring small amounts of 
information. Transferring 1000 card images takes 2 hours, 13 minutes. 
It is rather undesirable to wait that long for an algorithm, let alone 



intrastate rates are not FCC controlled and vary from state to state. As 
Boulder - Denver connection is toll-free via dial-up service anyway, it 
is not even practical to consider WATS in this case. 
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trust the line for that length of tinieJ For example, at the University of 
Colorado all one need do is tap the handset (or have the operator cut in 
on your line) v/hile you are connected to the computer to have your trans- 
mission become completely garbled. For the sake of sanity, anything 
over- 45 minutes is considered unreasonable (and too expensive), but times 
up to 4 hours have been included in calculations. 

Analysis shows that unless 1200 or 2400 baud terminals are available, 
costs quickly become exorbitant v/hen compared to tape or cards. Comparisons 
among the three services studied shav some interesting results. It is 
apparent that WATS is more expensive in all cases - except possibly if a 
line already exists and there is unused time available. Between leased 
lines and DDD lines, a more careful analysis is necessary in order to 
determine which is more economical. Factors to consider are trijne of day, 
point to point distance, and degree of loading. In general, a leased line 
operation maintains a constant connection between terminals and computer. 
A DDD connection must be made each time transmission is required. On this 
basis, leased line can only be justified in cases of heavy use. 

It might be noted that it is possible to transmit information from 
terminal to terminal skirting the computer - and thus charges connected 
with such - altogether. For example, it is possible for one teletype to 
connect to another teletype, read in a paper tape at one end and punch it 
out at the other. Hoviever, the transmission speeds are too low for such 



An interesting psychological phenomenon occurs with the advent of - 
teleconiiTiuni cation. Unless response is irr^niediate or at least minimal, 
the average person is unwilling to put up with delays. He would rather 
wait 3-4 v;eeks for the delivery of a tape than wait the 2+ hours for 
the transmission of the algorithm via teletype. 



a method to be given any serious consideration, and are not included in 
the comparative analysis.^ 



excepting local distances, the cost was found to be higher than other 
media in addition to b^^ng a lengthy process. 



SECTION 5 

« 

COMPARATIVE COSTS and CONCLUSIONS 



Appendix D contains a series of charts showing the cost of distri- 
buting different amounts of information using each type of medium. The 
first is 1000 card images which is the size of ACM algorithm 343, EIG£»NP, 
the last is 16,000 card images > the approximate size of EISPACK, the 
Eigensystem Subroutine Package, developed as part of the NATS project at 
Argonne National Laboratory • 

These charts show that 2400 baud line terminals are the cheapest 
medium. However, prices could easily be boostea if based on a more 
expensive connect time charge - say $16,00/hr. (not unreasonable) • This 
would almost double the charge. 

Strictly from a transmission cost stance, it might first appear that 
telecommunication is the ansv/er to our distribution problems. However, 
there exist certain mitigating factors that make the medium less attrac- 
tive. Granted, the character-set is rapidly becoming standardized, but 
once we start talking in terms of terminal to terminal or network-terminal 
communication links, v/e must also consider computer to computer communi- 
cations. Here things are not so standard and numerous non- compatible 
protocols exists - particularly with remote terminals. One can not 
simply set up a library network on computer xyz and announce its availa- 
bility tc all. The computer must be able to "talk" v;ith the terminals - 
communicate via signals, end sync-codes and observe various protocols. Such 
conflicts are extrc;:.ely complex and existing networks are only beginning 
to resolve them. Setting up a library network in this v;ay could easily 
restrict distribution to less than half its potential users - certainly an 
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adverse side effect for the proposed function of such a library! 

With this in mind, magnetic tape is the next most economical medium 
except for information of less than approximately ICOO card images. At 
2000 card images, tape is comparable to cards and some ODD service costs. 
Considering that tapes are presently more cost stable, and more available, 
than telecommunicat-^'ons, magnetic tapes should be considered the most 
viable medium for distributing algorithms or libraries. With the aid of 
new and better technology, and the decreasing cost of terminals and data 
communication lines (and hopefully computer charges) telecommunications 
mciy in the not too distant future become a more practical distribution 
medium. But for now, it appears that magnetic tape is the most economical 
medium for exchanging information. 
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Appendix A 
Tape Costs & Capacities 



QUANTUM 

MRX III TYPE 25 ASTION TYPE 26 TYPE 27 



2400' $14.50 $17.50 $20.50 

1200' $11.25 $13.00 $15.00 

600' $ 9.00 $ 9.75 $10.75 

400' $ 8.00 $ 8.75 • $ 9.75 

225' $ 6.00 $ 6.50 $ 7.50 



TABLE 1 : KEMOREX TAPE PRICE LIST 
(Price -includes Wrigi t line tape s eal) 



ERIC 
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CONTROL ^xTA r^eriior^ CR^^z rAGNeiic tapc 

prices for P03'i MQC or tCO • lengths F03 Destination 



QUANTITY 


6QG BPI 


ILOO BPI 
, — - ■ . 


1 


— f 

200' 1 ^c;c• 


b30' 


2Cu« ! ^00« 




Reels 5.60 


7.SS { 6.7S 


b.OO 


7. 75 


^.oc } 


SV«iT Rc^ls j S.SS 


7.30 ! a.sa 


£.7S j 7.50 


6.75 j 


^D0-^^•^ Reels 


s.^5 


7.20 


5. as 


s.so 


7. 25 


6.5u 

— 1 


500-^1*1 Keois 


S.30 


7.00 


6. CO 


S.2S 


7.&0 


6. 25 


1000 Reels or ir.ore 


Obtain Specidl fiuotc 


Obtein Special Ouotc 



Pric • for 1200' cr 2^00• lengths FOB Destination 



flUAKTITY 


600 


BPI 


IbOO BPI 


1200' 




1200' 


SMCO' 


l-«i*i Reels 


m.co 


16.50 


IM.MO 


1«..CG 


100-2HT Reels 


13.25 


17.53 


13.ti5 


16.00 


300-M*iS Reels 


12.75 


17. OC 


13.15 


17.50 


5Q0-L°.*i Reels 


12 . £G 


lb. SO 


I2.no 


17.25 


700-';*'.'^ Reels 


1 12.25 


Ib.QC 


12. b5 


17.02 j 


lOCO-c'iS*; Reels 


12. CO 


15.50 


12. Mu 


lb. 50 


3000 Reels or nore 


1 Obtain Special (3uote 


Obtain Special ^uote 



note: Deduct .25 each for lengths ^1203^ & 2MG0'> using the Lrightlinc Tape Seals 

Tape prices are f.O.B. destination in the continental United States^ if shipped by 
Control Dato Corporation routing. Air sr^ipr.cnts or custcr.cr routing will be at the 
customer's expense-: Prices do not induce applicable locals state or feocral taxes.; 



s ta;:dard CRApe rxcr.zTic TA?e i^=.c:o opsn Fci> C£Rtifi£i> 



SCALS 


quantity} i-^.s j ioo-a'i". 


3CG-^';^ i 5CC-b';*t j 7GG-'51'i 


icaG-2'i^': 


3CCu-up 


2M00' 


13.25 


I2.«i5 


12. t5 ! 12.35 


12.05 


11.75 


11.25 j 

4 


1200' 


11.25 


10. 


10. (>5 1 10.35 


10.05 


H.60 


^.25 



TABLE 2: Control D&ta Corporation 
Price List, June 22, 1971 



HALF IKCK MStGNBTIC TAPE 



Quality 



Testing Density 



Standard Available Lengths - 



Series/500 is the latest state 
of the art and the only quality 
offered by IBM* 

3200 flux changes per inch for 
recording up to 1600 bits per 



inch. 






300' • 


- Mini 


Reel 


600' • 


- 0 8-1/2" 


Reel 


1200' • 


- 08-1/2" 


Reel 


2400' • 


- 10-1/2" 


Reel 


2700' • 


- 10-1/2" 


Reel 



Also, 100' 
available. 



and 200' lengths are 



Packing 



1 • Container less 

2. Wrap Around (several styles) 

3. Full Cannister 

(a) Thin Line 

(b) Standard 

4. E-Z Load Cartridge 

Price range froui $5.00 to $20.00 
per reel depending on configurate 
and quantity. 



TABLE 3: IBM Tape Configurations 
and Prices 



3/4" record gap 

.1" per card image at 800 bpi 

.15" per card image at 556 bpi 

UNBLOCKED RECORDS 
8 00 bpi - 2400' reel 

785" per card image 28 S00"/taDe ^ 33332 cards 

.85"/card tape 



^^"^^(i"* per card image = 32000 cards image/tapes 



2400 ' 




per card image 


= 32000 


1200' 


16000 


600' 


8000 


400' 


5333 


225' 


3000 


100 


1333 



BLOCKED RECORDS 
10 Records/Block 
556 bpi - 2^00' 
2.25" per block = 

600' = 
225' = 



12800 blocks = 



128,000 and images 

32,000 card images 
6,400 card images 



20 Records/Slock 

556 bpi - 2400' 

3.75" per block = 7680 

600' 
225' 



blocks X 20 = 153,600 

38,400 
7,680 



32,000 cards = three cases/box or 16 boxes cards 



TABLE 4: TAPE CAPACITIES OF CARD IMAGES 



03 

t 



CARDS: 

RM 11825, Binary 

RiM 5081 , Green Stripe 

RM 1009, Fortran 

RM 11819, Job card. Yellow 

RiM 11819, Job card. Red 

Rl^ 11819, Job card. White 

RM 5081 , Brov/n, 4 square 

RM 5081 , Blue 

RiM 10938, Calnien 

RM 11818, .Natural 




Blank White, 4 square 



$!• lO/m 


^ 1 1 .uu/case 


5 1 . 11 /m 


p 1 1 . lu/case 


$1 . 1 1 /m 


^11. lu/case 


$1.1 6/m 


$11.60/case 


$1.1 6/m 


$11.60/ case 


$1.21/m 


$12.10/case 


$1.16/m 


$11.60/case 


$1.1 6/m 


$11.60/case 


$1.1 6/m 


$ll.CO/case 


$1.10/m 


$11 .00/case 


$1.21/m 


$12.10/case 



TABLE 1 : ROCKY MOUNTAIN TABULATING CARD COnPANY COSTS 



C./'^:ffi Citr.r,:Ka.t;rcl Cord Stock Printed One la 2;se5t IrU wi;n ift* Cj>S'»n©l Cwn*r Cai 

, , ..^ ^ ^ « ^ — _^ _ , ,, 



— ■ - ^ 



«Qja«i$^4S ^4t.V.. 6£i $25X0 tfif up charts. 



^ ^ : C. :rf — Scd, $e:moi*, Jijtt, Or«cii« »ro«fA« 



|*»f^-3rc:: ,, ^ ■ — — 



.12 



' I S!ar.€»orrf cc^n wiJy — *lsie, Wecft* wrecn, TcU^^w, Fw/^ Vful Gf»^ 

4 — *!e.n5ro/4 «f»ly iiliw. Creen. tfftwii, Vitl«I5 (SIOCO «i*efe« |»cf c«t - -«"> ^ - •'•^ •♦•^ *^ 

• m\tt'i^ O^ClnS — Ts;» tfjd 2dcfit — ««y i^tk ..^ ^ — ••^ * • 

;.:«?s • rjr.Jjrtj: t^. — >.>^ . , ... ^ .^^.. ^ ■ — » r 

^ :.;,i...> «*ff-tsp 

p^i^A^ . _ . , ■ , , , , - ' ' 



TABLE 2: CARD PRICE LIST, 6L(®E TiCJ^TINS CO, 



Of ■ 



CP 



Appendix C 
Telecommunication Costs 













STATION 


ooo 












Day* 




Evcntn;;* 


NiCht 


• 


Woevcnd • 
t 


1 

\ 














EacM 


Initiol 


Each 


Rate 


Rate 


Initicl 


Ac;c4*l 


Initi::! 


Ac'd't 


Initial 


Add*! 


Atid'i 


Step 




3 min. 


Min. 


3 min. 


Min. 


3 min. 


Mm. 


3 min. . 


iVm. 


1 


i*io 


$ .1-3 


s.cb 


0. 1 5 


^S.OS 


$.10 


$.05 


$.15 






1 1'IC 


.20 




.20 


.03 


.10 


.05 


.20 


.05 


1 3 


17-22 


.25 


.05 


.25 ' 


.O^ 


.10 


.OS 


.SO 


.05 


i A 


23-30 


.30 


.ID 


.30 


.10 


.10 


.05 


.20 


.OS 


* 1 


31-<0 


.35 


.10 


.35 


.10 


.15 


.10 


.35 


.10 




41*55 


.40 


.10 


.40 


.10 


.15 


.10 


.35 


.10 


! ' 


E6-70 


.45 


.15 


.40 


.10 


.15 


.10 


.35 


.10 


i 8 


71-CS 


.'JO 


.1G 


.40 


.10 


.15 


.10 


.35 


.10 


1 ^ 


C60 00 


.55 


.15 


.40 


.10 


.15 


.ID 


.35 


.10 


: io 


1 0 1 - 1 24 


.GO 


.15 • 


.45 


.15 


.15 


.10 


.35 


.10 


1 


125-143 


.65 


.no 


.50 


.15 


.20 


.15 


.50 


.15 


! 12 


140-196 


.70 


.20 


.55 


.15 


.20 


.15 


.50 


.15 


13 


107-244 


.70 


.20 


.55 


. .15 


..20 


.15 


.50 


.15 


14 


24:>-202 


.75 


.25 


.55 


.15 


.20 


.15 


.SO 


.;s 


IS 


293-3^4 


.80 


.25 


.55 


.15 


.20 


.15 


.50 


.15 


1G 


055..130 


.05 


.23 


.eo 


.20 


.20 


.15 


.50 


.15 


17 


431-675 


.OS 


.30 


.CO 


.20 


.20 


.15 


.50 


.15 


10 


67G-025 


1.05 


.35 


.65 


.20 


.20 


• .15 


.SO 


.15 


19 


026-1360 


1.15 


.35 


.70 


.20 


.25 


.20 


.65 


.20 


20 


13S1-1010 


i.:>5 


.40 


.75 


.25 


.25 


.20 


.65 




21 


101 1-3COO 


1.35 


.45 


.C5 


.25 


.35 


.20 


.70 


.20 



•Doy. 8 cm*S pir:. Pwton-rri; ovoninc. 5*1 1 pm, Gun-Fri; nic^t, 1 1 pm*0 am, doily; wookcnd. O om-1 1 pm 
Sat and O am-5 pm. Sun. 



TABLE 1: Interstate rates for dial-up service: 
Message Schedule 1 Rate, effective February 1» 1970 [2] 



state 



1st 10 hrs. Each add'l hr 



New Mexico - Colorado $300 $22.40 

Washington, D.C. - Colorado $315 ^^^-^Q 

Average $307.50 $22.95 



TABLE 2: Measured WATS Rates 



State 

New Mexico $1750/month (Band 6) 

Washington, D.C. $1650/month (Band 5) 

Average $1700/month 



TABLE 3: Full WATS Rates 



WATS RATES 
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l^dtc por Airline Mtio por Montn 



Type of Lino 



NOKt 70 



Next ISO 



Next 2:00 



KOIf-OwplCx $3.00 $2,10 


$1.50 SI. 05 


$0.75 


Puy.Ouptcx * 3.30 2.31 \ 


1.C9 i 1.155 

■ — - — 


0.625 


TABLE 4: Monthly mileage rates: 


Private Line Service 




Chdrlto per Service Terminal 


1 Monthly 
I Cndr4^c 


Installation 
Charne 


f^irst station m an Gxcr>onnc 


♦ 




Half 'duplex 
FuiKfuplcx 


(12.5D 
13.75 t 


$10.00 
10.00 


Each aCOitiOnai station on the some 
service one? m tne same service 






Hatf*du9:ex 
FuiI*0^plCx 


» 7.SO i 
8.2£> 


lO.OO 
10.0O 



Koto: Where an ir.tercnar.ro cr.cn -tot*swttch4nf: .-:rr;innement ic provided, c.-^.ch st;}'. on at tho &w«:cn»nr: 
point require*, a r.orvicc tcrm.nai for cacn private ime to wnicr^ it i& connected v/niCh can Do operated 
as a scparato*privato line. 



TABLE 5: Monthly service terminal rates: Private Line Service 



Type of Conditioninc 



CI 



Two*point channel 

not arranged for switchinf: per cxchanco 
orranncd for owitchm;; per cxcty^inzo 

Multipoint channel 

not crronnod for swachini; per exchanco 



C2 



Two*point channel 

not arran^ad for av/itchin.': por cxchan;;o 

orranr:*w'd for r-v/iichinc: por exchanco 
Multipc;nt ch.^nncl 

not tirror.r.otil > or cvvi'tc?iin3 

orrcnncd for switching 



Tv/0»poir.t channel 

for tho first ct.iticn in an cxcinngo 

for coch aiciittcn^i Lti'..or. in lino &c»nno oxchon^o 
Thrcc*po;nt or fcu'.-*point ch.^nr.ol 

fc- tho first f.l.:ticn in oxahonr^o 

for cooh r.dci.::onLl -^ict.cn in the oon-.o cucnonco 



Monthly 
RatO 



% 5.O0 
10.00 

10.00 



19.00 
28.00 

28.do 
28. OO 



30,00 

3C.OO 
9.75 



NOTE: On a tr..'Ct.raint or rcur-pcint c^^r,r,.\^*. C4 co'^d.^Ior.in*: opoilcs 
(coc»»ir^:-d cy t.-^o custor-^.- .-,5 :-o central po.nt) cnJ eccJ-i of tno 
C4 conditioning^ is not ava*iai;!c on channois witn more tnan four 



or.iy fc 
ctncr two 
points. 



A'cen cno C'ncr.zr 
or three excnan^i 



TABLE 6: Monthly channel -conditlcnlng rates: Private Line Service 

PRIVATE L:.\E service rates [2] 



OS 



75S Loading 5055 Loading 255J Loading 

Fun WATS 13.03 19.54 39.08 

Measured WATS 22,57 25.39 28.78 



TABLE 7: WATS Base Rates {$1700/mo base) [2] 



^Loading 50'* Loading 25'* Loading 

Albuquerque, N.M. 11.88 17.82 35.64 

Washington D.C. 13.68 20.51 41.02 



TABLE 8: Leased Line Base Rates* (including connect time charges) 



* Two terminal, two pt. line, CI conditioning [2] 



TELEC0IO:U?:iCATICN BASE RATES 



What ihc <oM% will bo 



AlUN ^AXOCK 
CO.V.PUTlNO. INC. 
1800 Avv'nt^c o1 S'o. J. 
lo$ Ar ;v%?*.C.:M. 90067 

.2:3, 2;7*;fiOC. 

CIRCU NO 290 



It! :»';ui;gci Cooo» nf*G rt« *: 
Sort. U».rrs?ric»f*t ;>ro^•<."• 
(toro(i^ '* •••• *C"1 tC^ vi'c;r 
<tCtC»» ^r>t ICC OCO '.rorc.r. 



CO.V.PJTiR SCJCNC3S 
65C N ScpuUcau uivj 
El S'-9ur.<Jo. Coi.f. 90245. 
'213^67S 03n. 
CtSClC NO. 391 



Rf M»o!"-t:<i?cn 'Eiti-ifei* **** * 
fa\t to'-Hwcu'uJ icn» Con*' 



COM-SHASS, INC. 
2395 Huron ?^wy., 
Ann Arbor. ANich. 
48105. 

;313! 761.4:40, 
CtfiCli NO. 3^3 



support rc«^Oti? ijcitf M !crn:i 
rtoli. »:0r Coco* ,COM'Sru*rc's 
Tiow XuS S»«|«r»ci 7 floo^ 



Storufi*:: I'/'.COd i'.i«MM"'rv «.<'iM»r^nrj' rl.'.' 
<iM*'r\ MM M 'UiO 'l fifi.or^d or.*., S<*.CO , 
ICO.OOO ()uMff«t**r^ [i.'JA t.dtii <fiW; i 
RcNioTC iHit.i* $:;y3'l.c*Mr ,|.Mi..*' vut'i. Sl/i Ovcrr,»^,i.r 
ConvcrwiJ»»»«Hil. MP to %/^0 p.'i M ort'Ji. S-i.«5 !»»•»» •* 
core, to S?r50 Mili:. j^.-'A) $750 or obove. JlOrO'^ • 
SU,'00'':ion?h iCO.CCO ouKcidcft 

Rcmore-cqtch: $5.C0 |0U piut Sl.CO for trc firj? sccoMti. j 
5Cv/Jec. to 30 see* for "Enprcis' , 222s: tec. for " Vend' ' 
Ofd." 166c »CC. for ' 0»CfniQSl." Sioro^c; 5v'. tfC.ck 
/,0 57/ cHcroOc'i doy); 5^0 hour cof>ncc» chcfjC Ccn. • 
\1^•^^•.0''C^: 15 cHcr. $oc. tcffr.iricl. SH.OO pcf ^Owf .cOr.. 

30 vp»: SI 3 hour. Cpu cnorno 50o. stcond. jiOro^C; , 
St.CO/pogc l3,072 t*»«roc'of>j wonih. 

Eotii Jtur.duni cmj r:iitiorUil >vrvKC hove O S'»CD n^ONl*? 
minimum «nd 3v eocH ,01 n;inutc proccjuofj I r.c. Con-, 
ncct i» SIO.OO hour ;it;:n^Cirol, SI 3* hour (net; Sio»05C? «J 
3c '256»word-bio€k coJcruicir tic-y, Thctc p'icc$ ore $uo» 
jcct to discocn:* ronyirg from five t© 50 percent., 



CONTROL DATA COR?. 
4f>S0 7/tU Si. 
M«nnr«poii'*. Mmui. 55435. 
f6l2; 920 8600. 
CISCU NO 393 



io<;ui«* n.o»»'> Suppcii for IBM . 
i 1 30 ttfd c vcnei^ oi icn.o'c-' 
bo'cn »f»tfr,intiU COC rnoct.»'^c* 
cttffcti^c for compete- bou*u! 



Kroi'.os: So. 00 i^Our connect, 2CC *^c. cpw. 30C'10C0 cncir 
month jforaco. Cybcrnei, 3300 :..0. 310 00. iiOur conf>.,- :t. 
6600 jc<v»€e: SlO« 'S25 nour. 3^00 cpu rctiu;e* <rom , 
to iC iCC 6^00 scrvuc., %Htt\\ (it 40* »ec Stora:/^ n »n Oc»Ki 
&:ocU .1.2o0 kin-bit cHor.). Prices stort ot $37.10 for 5.000 
doto blocks. 



GcNrr>Al tlZCihiC CO. 
7735 Oio Goorr.e'c^n 
Be*hcjdo. V.d 2C0*i4. 
,301 i 654.9350. 
CiRCU NO. 294 



Mor * i. Mc»rk il. ord V.c.f * 
De::c: do not support refr'.O'e- 
:::c:ici> lern-lncis. GE s Resource 
re>5'o:e'Co:cn service scppoMi 
•crv.»rc:is OS fosi OS 2^00 
bouc. 



Mcfk I costs So. 50 'nour conf>ect piws iC computer rciGtr<«» 
unit.* plvJj S1.75 pfOgro*n s:crc'^C unit (1.536 cncf.j 
nicr.th, :**,crk W connect J«.^c n $7.C0 nour.. Swaps cos? 25-* 
thousond cKc?octers, C^U price i: j3f jnit (r.e:wor« chorre, 
40f'(, procjram storoge units (i.2eO chorj.) ore $«.10 on.t 



month, ^*c^^k Delta i<»vicc cos's 57.00, hour, 
I, Ochc'ccvrs. 30c CJvU. 



25f I ceo 



NAT40NAL CSS iNC. 
4$5 Sumnf)Or St.., 
Stomford. Cor.r. 06901. 
i203i 327.91CC. 
ClfiCU NO. 395 



Syste«n supi>0'U IBM ii30 
cotn,loic-rs. cn^oncj ^rrers. OS 
weil cu on extensive sei'jci O'l 
of ren.c:e*ucircn tcmiincils Co- 
■jol civutUtbte. 



Coitvcrs«:io»:ol cOMitCvt is SlO.CO iiour 25ck hyics, p.us 
$4.00 'hour/odditionol 256lt, fcc:cn coni.ecf cmircjes t.fo 
S lO.CO/l'.our. Cpu clicgos cwc 3SC' second <convcr$ot.o»u»i . 
24r/ second for batch 1. service jobs dom 6 pm to 0 omj, 
16v*/&econd for Botch 2 iiobs on 24.hr. turn'oroundj. 



SERVICE aUi?£AU CORP. 
600 Mein.oronocii Ave. 
HcirrJson. N.Y. 1051'S. 
{9U) 692-3903, 
ClftCif NO 396 



ScC s CAU 3oO oporotirtfj sys- 
tem:* w it not suport rcttiotc- 

■lOt <lt%<.orn*»i I unlil ihf ,ob «t 
(.aiMj>U^i< - cuu:»'uj lo i>i* tp^' 



Connect c^»or<jo$ ore SU .CC nour for Teletype and 274rs 
Icccl, $13.80 r.etwork. ror 3C0-booo service th« chcrgc ;s 
S15.C0/Kour, storcc;c chorees for bo?ii tne network onj 
normol CAtl 3oO op«NOtion run in "coropom-nts:" S 1 .50 
3440 ChorOvlOi* iMOrtth (ntontlUy component} (ind 150 ''3 '40 
chorocterS/ dcty (lioiiy toniponcnt)., 



TYMSHARE. INC 
525 U«. 'Varsity Avu. 
Polo Alto. Cciif. 94301.: 
.,415| 320-5990 
CUCU NO. 397 



S*'tviL<- i.ji»'fs CfiL^.' cuiil 

por? »c? c w.civ oi 
}rM-ur.a-s witti spe^iJs ui; 30 
Cps WaTS serv.ce <o -'ost 
stoJes mr. Ci»t covH ^eii'O'o 
foition olvo oftcioJ 



local 4fiv.».c ruMv $dO to i390 r>»o»^th mmiitiunt. SI J- 16. 
liour conni-ct tli:te cmd 4C/lOCOnJ cpu time. Nrrwork is 
£2500. month minimum. S15 nour connect. 4c second cpo 
?f,ccs for c*sk storage icc.e cownvMorjs: to iCO.OOO c.or*, 
ociers. SI -00 1,000 cKorccters montn; up to two^r.^iihon 
cHorcciers montr. 75o.*l,C0D; obove two-milllon the pr»ce 
drops to 50c. 1000. 



UNiVtRilTY CC.APUTING 
i949 t\cj:;u !>• • n-ons 

2U, 7.M 57oi 
ClitCii NO. 398 



J %•»•<; Sf 



1. ..t*- 



c!»jres *t>// 1 » 30 : i*^-!^ s v.tc 
'^OGCt for conipc'C'COo'*.;; (Jp*' 
plicotiors 



CCC i-ss 
"s^andk'ro 

jr. C-;. 
rswf Jco'^r 



'iiee r<*i«oif*ot»?cH icrov. pitoiiiy**' «S»500 ^ Cgr, 
* i$120v ru>w#i an»l c> "weoaenij ' rote JSiO. D 

».'Cf';. Si CJ l.CJC fOJ>ipo*Cr fOiOUive 4;ni»s ^'fi-'C*;^. 



ci credos ii-e 50c l.COO chciccteri iro^ij^ lor oentcn-, 
25v/ i«C00 cnorocters if 5tofc.c;e is scnoduicd. 



service. 



TAULE 9: 1; •t'.,ork-Ti..-.:ii,:iaring Costs [6] 



Appendix D 



Comparative Costs of 
Distri butting A'ccrithn^s 
via Magnetic Tape, Card* Terminals 




•20- 



WATS rates are fiourGd on 174 hr./ino. (1 full shift per day). 75% 
loading then would be 130.5 hr./mo. usage. The $8.00/hr. connect time 
charge and the $.2&/CP sec. charge is added to each figure accordingly. 

Leased line rates are figured on a 24 hr./day, 728 hr./mo. connect 
time. Since Control Deta Corporation makes no distinction batv;cen renote 
batch and timesharing the connect time charge is included in the hourly 
cost. 

ODD line rates are figured on Message Schedule I, February 1, 1970 
plus the connect time charge of $3.00/hr., CP sec. time charge of 
$.20/C? sec. 

Mailing rites for both tapes ar.G cards are figured by airaail only. 
Weight used does not include packing. 



^6 



Si. 

to u 

JZ CI 

u in 



c 
o 

o 



o 

JZ o 



c 



1. 
x: c; 

o 



JZ o 



c 

a 
> 



« u 

x: o 
u ui 

o 
43- 



C 
c u 

u %n 



JZ a 

O 

to u 

x: <u 

u m 



o 
o 



o 
o 

CO 



O 
o 



o 
o 



CNJ 
CM 



vO 



VD 



CO 
CO 



o 

CM 



CO 



CM 



O 
O 



CO 
+ 



o 
o 

CM 



00 



o 



o 



CO 



o 
o 

CO 



o 
o 



CO 



o 



CO 



to 
o 

in 



CM 



O 
O 



CO 



o 
o 



CM 



VD 



ro 
• 

ro 
in 



o 



in 

CM 



ro 



tn 



o 
o 



ro 



o 

o 



CM 



CO 



CO 



CM 



art 



CM 



rol 



uo 



CO! 





^ 1 








(0 ul 






C7 


JC 0)1 


cc 




C 






•r- 




CVJ 




•o 


o 1 








n ..J- — 






c 


W 1 










o 






JC o| 


cc 






U v/)| 














CsJ 


O j 


1^ 














<^ i 








<o ol 


cn 




a 


x: ol 


IT 


— 


c 


U (/>{ 








CVJ 




X) 


O 1 






o 








c 


^ 1 


CM 






fO ol 














U t/)| 


CO 




o 






m 


o 1 








1 








u 1 


ro 






<o ol 


CC 




c 


x: o\ 


« 

CO 


• 


c 


O (Al 








CM 




TO 


o 1 








1 






o 


5. 1 








eo o| 


in 






JC ai| 


cn 






O (Al 






in 


'****'l 






r*- 


O 1 
















^ 1 


in 






<o o| 






cn 


x: o| 


* 

KO 


— 


c 


o %a\ 








ro 






o 1 








CO 1 






c 


" 5- 1 








13 0| 








sz <ul 


CM 






o ini 














CM 


o 1 
















t. i 


^: 






<o ol 






cr 


x: o 


to * 




c 


O Mil 


3 •— 








r— CM 




x> 


o 1 








CO 1 ^ 






c 


J- 1 


CI 






ns o| 


IT 






o| 


l^ 






o 


O 




o 




C IT 


> 




o 1 


iT 

O 

1^-4- — — - ■ 






1^ 1 — 






<Q o| 


t;i 






JC ol 






o 


^. o c/) 1 


iA If 


> 


c 








— 


o 1 


«/) l£ 


> 




i CO 1 


O r- 








o 




c 


J— c h 






1 


<a o i 




> 




jC ol 


la c 




0 5-^ 


r o «n 1 


u 




IT 


> "^l 


o a 






o 1 




r 











o s: 


• 


•o • 




(0 z 


« 

o 


o 








O 3 


c 


O ^ 


to 


o 


c; 


Si. 3 


c 


o c 




> 3 




C X> 








^ < 





in 

O 



XI 



o 
o 
o 



to 

l/> 

o 



o 



ERIC 



•32- 





















CM 




CI 


CO 




CM 




O (U 






« 






CNJ 


to 


o 




O ***«s. 


fmmm 


CM 


00 


c 


CO 










f 








QJ 


















CM 


QJ 




r— 






o o 






CO 


> 












o ^ 






in 






CO 




\o 




V- 
















CM 




JC w 


CO 




CO 




O 01 












CNJ 


LO 


CJ> 




O 




CM 


CM 


01 


CO 










t 








S3 
















1, 




O 01 


o 


CO 








• 


• 


• 




o ^ 


ID 




o 




r— • 


ro 




CO 




■ 










m 
iw 


IN,. 




CM 






oo 








O 01 












CM 


o 








f i«» 


oo 


ro 


c 


ro 










• 










to 


r— ' 


r— 




0> 




o 






2> 










01 




VD 


cr* 


CM 


o ^ 


CO 


CO 


o 














—5= — 1 — - 














CM 


CM 






ro 




o 




o o 


• 


• 


• 




V) 


CM 




CO 




o ^ 




CO 






CO 










«. 


















*0 




O 


CO 


CO 


"O 


(J CJ 












CM 


CM 




o ^ 


CO 


o 










r— • 








LO 


LO 


m 






CM 


CM 


CM 






• 


• 


• 




CVI 


lO 


LO 


If) 






+ 


+ 


+ 






o 


o 


o 




■ 

o 


o 


o 


o 






• 


• 


• 




u> 


ro 


CO 


00 




+ 


+ 


+ 






o 


o 


o 




* 


o 


o 


o 






• 


• 


• 






CM 


CM 


CM 










+ 






VD 


KO 


VD 






O 


O 


CM 


1 


CNJ 


• 


• 


• 




CM 


o 


o 


O 
















o 


• 








XJ 










CO 




« 
















o 












Ci 








'o 




c 






o 


cr 


o 








s- 










o 








u 


c 






CJ 










> 




x: 






c 




to 






o; 










o 


< 





o 

UJ 

oo 



oo 
o 

CSC 
O 



cn 


2400 
baud 




5.34 


6.16 


X) 

O' 

l'^ 


O X) 
O 3 
CM <0 
r- jD 




o 

• 

O 


CM 
CO 
• 

CM 


to 

CM 


30 char 
/sec 




• 

lO 


CO 
CO 
. 

o 


c 


O X3 
O 3 

CM X> 




• 

CM 


CO 

o 

• 

ro 


■o 

O 


o x> 

o :3 
CM n 

r- jQ 


X? 


oo 
. 

LO 


• 

VO 


o 
in 


j:: u 

U OJ 

CO 

o ^ 
oo 


> 


Ol 

o 

CM 


00 

o 

O^J 


cn 

r— 


O XJ 
O 13 
^ <o 

CM SI 


o 
c 

01 
S- 


* 


O 

CM 


"D 
O 

r— • 

to 


O X> 
O 3 

CM n 




to 

4^ 
to 

o 
u 


o 

LO 
• 

00 


■c 

* 




SI u 
U OJ 
CO 

o ^ 

CO 


u 
o 

t • 


CM 
VD 
. 


CM 
. 

O 
CM 


repro- 

UvtCrCZU 


o 

• 

CO 


o 
. 

CO 


LO 

cy» 
. 

o 


comp. 


LO 
• 

cn 


lO 

• 


ro 
ro 
• 

CM 




Denver, Colorado 


OJ 

r3 

OJ 

13 

cr 

3 
JO 
r— 

< 


. 

c 
o 

c 

to 

<0 



X) 
OJ 

CJ 



CO 



I 

in 





— "V 




















x: u 




o 




cn 


U OJ 








c 


to 




LO 






c ^ 




LO 




X> 


00 


















o 






a\ 
o 






j:: u 












• 




lO 


o ^ 








CM 






VD 
























x: u 




O 




cn 


U OJ 




. 




c 


to 










o ^ 




LO 




X3 


1 i 








O 










o 






cr> 






LJ 01 








to 




. 




o 


o ^ 




CO 




lO 


























CM 










CO 




cn 


O Ol 




• 




c 


to 




LO 






o ^ 








Xi 










O 














CM 






j:: u 










O OJ 






r 




to 




VD 




LO 


o ^ 




OO 










r— • 




















O 






JZ u 








cn 


U OJ 




. 






(O 




o 






O 








XJ 


ro 


















o 












sr o 




CO 






U CJ 




. 


z 




to 








LO 


o ^ 




o 




CM 


■ • 


"CJ 


CM 








c» 


















sz u 




o-) 






O OJ 




. 


— 


c 


to 


r— 


r— • 






O 


CJ 








CO 








CO 


?^ 








C 


^) 










jc u 




LO 






U CI 


O 








to 


c 


. 




O 


o ^ 


a 


CM 




lO 




CM 














— fe 














G> 








to 


VD 




cn 


o o 


4-> 








(O 


to 






•r" 


O 


O 


OO 




X) 




u 
















o 














*C 


CTi 






x: u 


O 


cn 






U CJ 


O 


. 




LO 


to 


r-* 


CO 






o ^ 




cn 








O 


. 








XJ 


. 








ec 










%^ 










O 












CJ 








Id 




c 






o 




to 








CJ 


o 






s. 




c 






01 


cr 


•r" 






Oenv 


< 


Hash 



cn 



o 

o 
o 
o 

CM 



CO 

o 



o 



I- 

00 

o 



ERIC 



-33- 



o 
o 



Ui 

a. 





C3 










lo 


0 


Cvl 




sz u 






• 
























0 










CO 










!^ 


















































0 
































LO 








x: u 






• 








^.^ » 










CO 






0 ^ 










CO 










5.. 










fO 










-C u 








*C 


u <u 




















0 ^ 










■- 






































U CJ 








01 


in 






10 


0 ^ 






C 
<f — 


CO 








c 










0 










> 












(J Ql 










iO 










0 ^ 




















— X 




















-c 0 










a oi 






CO 




%n 


• 


• 






0 \ 




IT) 


LO 


>1 


CO 










i- 






























U CI 










in 










0 ^ 










, ... 
















lO 




■» 

•0 


CSJ 


CsJ 


CNJ 
* 




0 




LO 


LO 




CM 


+ 




+ 














































CO 


CO 


CO 




vo 


+ 


+ 








0 


0 


0 






0 


0 


0 






• 


• 


• 




0 


CsJ 


CVJ 






0 




1 


+ 




<^ 












til 


LO 


LO 






CO 


CO 


LO 






* 


* 


* 




CNJ 




r— 








r— 




r— 






0 


• 








X) 


• 








10 




• 






1. 










0 




















0 




C 








cr 


0 










4J 








Ct 


CO 






1. 


:3 


c 








cr 








> 




SI 






c 




in 


















< 





IxJ 



to 



00 

Q 

a: 
< 

















10 




CO 


















x: u 




• 
















on 


u <u 




CM 
















c 


LO 




00 
















•1™ 




















"Q 


CO 




















10 


5^ 














CM 


CO 




0 
















CO 


lO 




r— 


x: u 






















U OJ 






4; 




0 TJ 




CO 








to 










0 






LO 


0 \ 




















CM 












CvJ jQ 




















0 


















— — 










LO 












CM 






0 X> 






*^ 






x: u 




• 




"TO 


0 13 












U 01 




LO 






CsJ 




* 


r— 




c: 


to 










r— jQ 












0 \ 




















du 


CO 
















0 














LO 








CO 






XI u 








CVJ 






• 


• 
















u <u 




cn 






to 






















0 ^ 










0 \ 








lo 












ro 












U. - 










































ro 


















a 
























x: u 




• 






0 "O 








=j 


("Tk 
Of 


U OJ 




00 






0 3 








in 


C 


to 




LO 














10 




0 ^ 








CM jQ 








CJ 


*a 










c 




























CO 


CO 




0 


<o 








"O 


0 




CO 


lO 






x: u 

U CI 








C3 


0 13 




• 


• 










•|e 


0 








w» 






to 






•|e 




r- JO 




AT 


lO 


0 ^ 








LO 






















— 
















































C5 








x: u 




10 






u a> 




CO 


CO 




u a 




SO 


















to 




t 






0 \ 






lO 






0 ^ 




to 






CO 




CO 


^r 




(O 


CO 

s- 




0 
















0 


" rj ■ 






















x: u 




•le 


•Ic 




0 T3 


0 










U CI 










0 3 


c 


CM 








in 
















LO 


0 ^ 










CM JD 


<y 








CSJ 


, 
















CO 










CM 






0 


(A 


• lO 


CO 




CD 






CM 






0 3 








U 01 




• 




"O 


CsJ 19 


(/) 


lO 


LO 




d 


in 




CM 




cj 


r— -r> 








0 








0 




CJ 








L^ 


ro 


> 




r— ' 












s» 


































<?> 


CO 


lO 






x: u 




4: 




10 


j:: 0 


CJ 


lT) 


to 






0 01 










CJ CI 












in 


c 








to 




vo 


0 




0 


0 










0 ^ 




CM 






LO 




0 








CO 










— u 


































LO 


LO 








(*« 

X. u 










1 


10 


LO 






cn 


m 


^O 






0 "O 










U 01 


4-* 




— 






CM 


CM 


■ 

LO 




c: 


cn 














r— 






•r— 


0 


0 








Ci I> 








3 


"O 


CO 


ci 






































0 
















CO 










'O 












LO 








x: u 


Ci 








CL u 


* 




t 


00 




U CI 


0 








s c 






CO 


»— 


in 


to 










S 3 








<c 




0 ^ 










0 0. 








is: 
















0 


• 


• 








0 


• 


• 






•0 


• 










"O 


• 








<o 




• 








fO 




• 






s- 






















0 












0 
























01 








*o 




ton 








0 


3 


c 






0 


cr 










cr 


to 


















•1 


<!l 


cn 










c 










3 


c 








cr 










01 


tr 








> 




x: 








> 


3 


JZ 






c 


XI 


tn 








c 


jO 


LO 






CJ 

0 


r— 

< 


0 




1 






< 


55 



ERLC 



-34- 







-s= 1 
























Sz 




CO 








fO 


CO 


CO 


CO 


















to 










JC o 




CO 




















SI o 




o 








O Q) 


• 


• 


• 


















O 0) 




• 








1/) 




o 


CO 
















C 


to 




o 






u 
C 


O *>s, 

CO 




lo 


















T7 
ro 


C3 
CO 

— u 












..— 4» 

rO 


















r— 




O 


fO 












-C O 
















VD 


CO 




r— 


JC o 












O (2) 












O T3 




• 


• 






O 0) 












V) 

O \ 




■K 








O 3 
^ fO 
CVJ 




o 

r— 


CVJ 
r— 




IT) 
CVJ 


to 

o \ 












" s:. '■■ - 
















CO 












CVJ 










00 


CO 






£= 






CVJ 






CO 










JC o 


VD 


O 


in 






o "r» 




CO 








JC u 




o 










• 


• 


• 




-o 


O ^3 




• 


• 






U OJ 




« 












o 


CO 






CVJ 




r— 






c 


to 




o 






U/ 




CVJ 


Lf) 






O 


r— ' ^ 




CVJ 


CVJ 










o 








CO 
























CO 












<- 


































C 


rut 










Lf) 








r— • 




o 

r— 


^ o 












o a> 










CVJ 


sz o 




• 


t 






o cu 




























LO 


r— 






to 












o — 












to 




o 


CVJ 




o 


























O 
CO 




r— 


r— 






r— 












■ 




















o 
















to 


CO 


CO 


CO 










LO 


yo 


















JC o 




CO 












CO 




3 


cr- 


JC o 




LO 










• 


• 


• 






O XJ 




• 


« 


to 


c 


U 0) 




• 








CO 




CO 








O 3 




LO 






•r— 


to 




r— 






Cn 




CVJ 




vo 
















TO 


o *^ 










C 


CO 










o 


CVJ jO 










o 


CO 


































o 












c 


















o 


CM 


t 


r— 












CI 


JC w 


* 


* 


■K 




-o 














jC 










> 


o a 


* 




* 






O "O 




« 


• 


CO 


^, : 


O 0) 




-X 








to 










o 


O 3 




o 


CVJ 




«.n 


to 










O 












C\J 








< 




o \ 

r— 












— 5r= 










o 












— — - 














A} 














c> 






















JC U 


00 


CO 


CO 






JC o 

o o 












JC u 
















If) 










CO 








O CL> 














• 


• 


• 








3 


• 


« 




C 


LO 




• 


- 






o ^ 






CO 






o ^ 


r— 


CVJ 


o 






o ^ 




o 








CO 


CVJ 




CTi 






oo 




LO 






*o 


CO 








c 


>> 
























o 


f 










O 
















o 


KO 


o 




fO 










•o 






* 


* 










LO 








JC o 
O <D 












JC o 






* 








• 


• 




























O 3 


O 


CO 








LO 








o 


















c: 








LO 


o \ 








o 




o \ 












<MJ3 


(L» 








CVJ 




















































in 


in 


LO 








ro 


CVJ 


O 
























o*o 






CVJ 






JC o 












"O 


CVJ 


CVJ 


CVJ 


LU 




O 3 


t/) 


• 


• 






O 0) 


3 


« 








o 


• 


« 


• 




CO 


C J as 






00 






to 


r— 


CVl 










CO 

+ 


CO 


CO 




o 


r— ^ 


to 








Xi 






CO 








+ 


+ 


— I 




O 








*o 
o 


CO 
* 


> 


















Q 










CO 




r— 


ro 














o 


o 


o 


LJ 


•lo 


JC u 


r— 










4J> 












o 


o 


o 


to 

cC 




u o 


rO' 


CVJ 


Lf> 






O 0) 


o 










o 


• 


• 


• 




to 


U 


• 


* 




O 


10 


c 










o 


r— • 


r— • 




LlI 






O 


CO 


o 




tn 


o ^ 












o 


t 

•T* 


t 


+ 


«-J 








CO 




































































1 
























a. 












o-o 


CM 


CVJ 


o 






x: u 


to 


CO 








o 






CO 








ro 


CO 






en 




4-> 


CO 








o 




• 


• 






Q.O 


• 


# 


• 




cz 


to 


to 


• 




















0) 3 


VD 




f — 






o ^ 


o 


CO 












r— 








$-"0 


r— • 


r— 


CVj 


3 




CO 




LO 






























o 




































u 


r— 






















•JC 


CO 


00 


yo 


1 




ro 


/o 






UJ 








•I: 




CO 






o 


O 


o 








t> 










in 




o 




B c 


• 


• 


* 


to 




u a; 


o 






< 




CVJ 










O 3 


cn 








in 














CM 






< 
o 




o a. 






CVJ 






o ^ 


















































O 




• 








o 




• 








o 












"O 


• 












• 












* 










<0 




• 








fO 




• 








to 




» 












o 












o 












o 








o 


«« 










o 












o 












r— 


o 


• * 










Gi 






















O 


r> 










o 


3 










o 


3 


c 








o 


cr 


o 








o 


cr 


o 








o 


cr 


o 
























o> 










0) 














c 










3 


c 










3 




"\ 






Si 


o 


•f- 

JZ 








a 
> 


cr 

3 










0) 


cr 
3 


•r- 

JI 








c 




CO 








c 




to 








c 


Si 


to 










r— 










a) 
















Si 




















o 












o 





'35- 




Ui 





\ ^ 




— 




































Ch 




in 


















ro 




CO 






JZ 


O 


• 


• 


• 


















JZ o 




• 






o 


(U 


o 




in 


















O (U 












CO 


CO 




















C 


to 




CO 




-a 


o 






















•r- 


o ^ 








n 


CO 
























-o 


CO 








ke 




























., . ^ 








5 




















CO 




o 










(U 




o 
























JZ o 




•K 






"D 


(U 






•K 






O TJ 




• 








O (U 




•K 


•K 


^ 


o 

r— 














O 3 
C>sJ jQ 




00 


in 




5^ 
in 

C\J 


o ^ 










- J- 






CNJ 






c 














Xz 




- ' -CO 






<0 






r— 






•r— 






CO 








ro 




CsJ 






JZ 


o 


• 


• 


• 




•o 


O "O 




• 


• 






JZ O 




• 






L> 


(U 


o 




in 






O Z3 
















in 










CO 








o 


CsJ fO 




CsJ 


ro 




c 


to 




CsJ 






O 














r- jQ 










•r— 


O ^ 




r— 




(U 


CO 
























"O 


CO 








4~> 














in 












<0 










•r* 


















o 






o 






•X 




C 


10 ch 


/sec 


■4-. 
■K 


■K 
•K 


•K 




CsJ 


30 cha 
/sec 




132.4 


152.4 




r— 

^5 
o 
in 


10 ch 
/sec 




•K 






>- 






■ r*' ' 












V ■ i 








»— 
















in 












CO 


CO 


CJ 




ro 












o 


• 


• 


• 






O "O 




• 


• 


^ 




JZ o 




• 






o 


(U 


o 


to 








O ZJ 










c 


U (U 








CT: 






CO 




CO 






^ fO 








CO 




to 








£1 


o 














CsJ jQ 








ro 


*o 


o — ^ 




r~" 






ro 






















a 


ro 


CO 








d 


■ t 












c 












O 












<o 












•r— 










r— 














o 


■K 


4; 


■K 




"O 


O "O 








1 




JZ o 




•K 


•K 




L> 
O 


CO 


■K 


■K 


■K 




o 

f — • 


O Z5 

CsJ CO 

r- jQ 




• 

CO 
r— 


• 

in 

r— 


to 


in 


O (U 
to 

o \ 




•K 






























































IS ^ 


























o 




































LO 




(U 










ro 




r— 






x: 


o 


C\J 










-C o 


-l-> 


CO 








x: o 




r— 






o 


(U 












O OJ 




CsJ 


CsJ 










• 








(/) 


• 


• 


• 








Z3 


• 


• 




c 












o 




O 




o 






o ^ 


r— 










o ^ 










ro 




CO 


C'J 


C\J 






CO 




vo 






•5 


CO 




r— 






























ro 
O 


L 








<o 


















CU 


in 






ro 










x: 


o 


■K 




■K 






O "O 




in 


CsJ 




r— 


JZ o 




•K 






o 


(U 
10 






■K 






O Z5 


-l-> 

o 


• 


• 

in 






o c; 
I/) 




•K 


•K 




o 


\ 












CsJ jQ 


c 








in 


o ^ 










r— 












o 




CD 








CsJ 


r— 






















c 














■S-" 


.... 












LO 


in 

C\J 


LO 
CNJ 








(0 


\^ 








rO 


c» 


CsJ 










CM 




'O 


o -o 




• r— 








JZ o 


-l-> 










o 


• 


UJ 


(Xj 


o r3 


CO 


• 


• 






o cu 


<o 


• 








o 


CO 


O") 


ro 




o 


CM a 






o 




c 


(/) 


13 


CO 










.J 






»— 1 






CO 




r— 




•r— 


O 




o 










-J 






o 








•o 


CO 


ro 


r— 


















i. ^ 


t 











ro 
O 


— J 


>- 


















o 


If) 












ro 


Q) 












o 


o 


o 


liJ 




.cr o 


r— 


in 






r— 


JZ o 




•K 








o 


o 


o 


C/) 




U (U 




r— 


CO 






O (U 


-l-> 










o 


• 




• 


«^ 






o 


• 


• 




c< 




O 










o 




r— 




UJ 




o \ 


o 




o 




O 


O \ 


r: 
<i» 














•I- 

r 


_i_ 






CO 


r- 




tn 




in 


r— 


































"■V 
























1 












ro 


ro 












CO 


CO 


CO 






o -o 






cn 




CD 


x: o 












O 


















CO 




c 




(/) 


CO 








O 


• 


« 


• 






Q. O 


• 


• 


• 


r— 


•r— 




•!-> 


• 


= 








LT) 


in 


in 






O =5 


in 


in 


o 


r— 


"O 


o \ 


to 


cn 










r~" 














r— 


CsJ 




CO 

o 


CO 


O 




































fc*- 
































r— 


























• JZ 






o 


1 




ro 


r— 


















CO 




o. o 














ro 










ir> 


■K 






o 




B c 


• 


• 


• 


to 


in 


O CI 


O 










CM 




O D 








t — 






o 










CM 






<C 




O CL 


CSJ 


C\J 


CO 




o \ 


r— 


























• 






















O 




• 








o 




• 








O 


SI 


• 








•o 


• 












• 


o 








•a 


• 


CJ 
























• 








ro 




f 




































o 








o 












O 












o 












*o 


(U 












OJ 










r— 


CJ 














c 








o 


23 


c 








o 


Z3 


r: 








o 


Cr 
S« 


o 
I-* 








o 


O* 


o 








o 


cr 
i- 


o 










O 












o 












OJ 












lit 


c 










Z5 


c 










3 


c 










o- 












cr 


•1— 










cr 










> 












> 




JZ 








> 


23 










c 


i5 










c 


jQ 


(/) 








c 


X) 


to 








o 


r— 










Qi 












CJ 


r— 










o 


< 










O 










o 


< 





CJ 



"a 

CJ 

o 
o 
o 
m 



CO 

h- 
to 
o 

CJ 



CD 

c:: 
h- 
to 
»— » 

Q 









ro 




E 




S- 




o 




^- 




-o 








ro 




-o 




c 




o 








to 


CJ 


4-> 


a 


•p- 


r ~ 








U 


-»-> 


r— 


o 






CJ 








o 
















ro 


c 


U 


o 


•r- 
+-> 


+-> 


C) 










c 


ci 


o 








» — 1 




^< 




•K 




4; 



ERIC 



•36- 

» 





cend 


p30 cha) 
/sec 


37.04 


77.14 


90.49 








oadinq 


r30 cha) 
/sec 




165.12 




COSTS: 6000 Card In:ages 

"cJCtical to Calculate 

)r.i:ation v/ili not fit str.ndard format 


weel 


10 cha 
/sec 










25% loading 


2400 
baud 




16.04 


18.47 


in 

CVJ 


10 cha 
/sec 










(U 


" V. 
fO 

-C u 
C/> 

O \ 
CO 
t 


37.04 


76.84 


90.09 


1200 
baud 




32.08 


36.96 




oadinq 


SZ U 

u o 
to 

o \ 

CO 

K 




150.02 




4-> 
•r* 
C 


10 cha 
/sec 


■K 
■K 


•K 




30 char 
/sec 




158.60 


182.55 


o 
in 


■ 10 cha' 
/sec 








o 

Oi 
UJ 

a. 
< 


evening 


"30 char 
/sec 


37.04 


90.44 


[103.79 




50% loading 


2400 
baud 




8.02 


9.23, 


WATS - measure 


cr 
c 

T3 
f3 
O 

tn 


JC u 

o o 
o \ 

CO 




137.49 


r 


10 chs 
/sec 


■K 




•K 
•K 


1200 
baud 




^ 
o 
• 

VD 


18.46 


' 10 chai 
/sec 






* 


day 


— s= 

sz o 
u o 

o \ 

CO 
t 


37.04 


103.89 


1 143.89 


30 chQ) 
/sec 


}valuatc 


79.30 


91.27 




c; 

•r- 

-o 

rj 
O 

in 

CVJ 


30 cha> 
/sec 




210.91 


= 


10 cha 
/sec 


■K 
■K 


■K 
■K 




75% loading 


2400 
baud 


re not < 


1 5.35 


6.16 


:10 char 
: /sec 








i002L 


ID 
CVJ 

CVJ 
-I- 


' +2.25 


+2.25 


CARDS LEASED LINE 


- 1200 
baud 


costs ^ 


10.70 


12.32 


: 50% 1 oadinq 


30 char 
/sec 


— o- 
+J 

fO 

13 

fO 
> 


103.98 




rr c \- 
o ."^ ^ 

»— « » i t • 

r) 

i-H -Jc •'J 


,009 


17.90 


17.90 


• 

CO 


30 cha 
/sec 


local 


52.86 


60.83 


10 ciiar 
/sec 


re not | 




•K 


or 
o 


o 
o 


■K 
* 


■K 
■K 
■K 


■K 
■K 
■K 


re pro- 
duced 


00 

• 

CVJ 


CO 
•IT 

• 

CVJ 


32.85 


(1- 


cr 
c 
•1— 
-o 

rO 
O 

in 


(J <u 

o \ 

CO 


costs c 


95.01 






- 

in 

CVJ 
CVI 


■K 
■K 
■K 


■K 
■K 
■K 


■K 


comp. 

punch 


28.62 


28.62 


36.99, 


WATS - • 


10 char 
/sec 


local 




•K 






Denver, Colorado 


Albuquerque, N.f1. 


Washington, D.C. 






Denver. Colorado 


Albuquerque, N.M. 


Washington, D.C. 






Denver, Colorado 


• 

• 

cr 


• 
• 

o 
c 

•r- 

x: 
in 





-38- 



09 







■ 






































XH (J 












4 












03 










1 




(J CD 






































1/) 






















d 


U CU 










r 




O 
























lO 












CI 


ro 






















•n 


CD ^**s. 












Q) 
«^ 
























A3 


CO 






























vf* 


















o 


























03 






































JC 












2f 


to 
















CVJ 


to 






CJ. CU 












O 

If"" 












^-i' — ' 

CvJ 




ro 


CO 




to 
CvJ 


(O 

CD 














— s= 






















































































^ — 








CO 






03 
























•n 












t^ • 


































CO 




r— 
k— 


























o 














to 
























' ' ' 


























o 
























03 


CO 


































t«> 


>— 


























"0 










r— 


03 














■Am. \J 










CVJ 


*^ U 
O CD 












*^ CJ 
CJ CU 
















































to 












to 










o 


to 














o 




















4: 


to 








































, — J 














^ 






















































O 




S- 


t^ • 






































V— 


CJ GJ 














to 












O 3 




\o 


CO 


to 


•p— 


to 














CD 




















03 


•n 










to 




C 














CvJ 








(U 




-o 








O) 




•r— 












£1 












O 
















>— 
























■ f' 1- 








ro 




<D 


ro 










-o 






CO 




1 












E 




J> 


r 1 
















\^ 


W 1 




C -s 


^ (J 












CD 


r ) 1 










o 


s ' — * 










to 














(/) 

O ^ 












C^J ^ 
r- JQ 




CVJ 

CO 


CO 


1 

< 




o ^ 














r— 










o 

LO 


U. 


•a 










r— 








C3 
CJ 






j= 












c;- 










fs3 




































d 




























o cu 










CJ CU 














to 






















03 


to 








o 
Cvi 




>> 


CO 












CO 


> 








O 


CO 






































>- 










"Si 


*o 


CO 














4-* 




CO 




to 


03 

-C CJ 


























O 13 




o 


CVJ 




CVJ 


CJ CU 








J— 






























to 








t/^ 


o 




o ^ 










cn 
c 


(\J X 


I- 










o ^ 








o 
o 








CO 


CO 






w 






CO 


CvJ 






























n3 




(/) 


CO 






CI 


r- (J 








o 










• 




LiJ 








* 








"c5 CU 














CD 


CO 


CO 


CO 




r— 




(/) 








"n 


lO 














CvJ 


CvJ 


CVJ 


CVJ 






CVJ r!3 


o 


CVJ 


CVJ 




r3 










ID 














-J 






o 








O 
r— 


CO 








CO 














U— J 

1 1 1 




S- 


to 










^ 5- 
03 






















CO 






(J 


















CO 






O 












O CU 


o 








to 


CJ CU 














CD 








UJ 




to 




















o 






\0 








-J 




o ^ 












O 







































— $. 


























1 


to 




CD 






03 


























O 






pv. 




cr> 


f— (J 




































c 


CJ CU 














o 






•»c 






CL O 


CO 


CO 


ir> 




•r— 


to 














o 
















to 




X3 


o 




































03 
O 


CO 
































"tr"* 






i. " ■ ■ 
































CTk 


1 




























• sz 


• 


• 


• 






CJ 










IX 




LO 








o 






o 


o 


CO 




to 


U O) 










g 




CM 






cc: 

cC 
O 




S c 












to 














CVJ 








O 13 

u c:i. 








1 




o ^ 


















• 












• 












• 












O 




• 








o 




• 








o 




• 












• 










•o 


• 












• 












Denver, Colora 


o> 

cr 

CJ 

O 
13 

5 


• 

o 

n 

C 

o 

O 

c 
to 








Denver, Colora 


n 

O) 

cr 
i- 
c> 

cr 

Z3 
< 


• 

o 

c 

o 

c 

•r- 
.C 

to 








Denver. Colora 


Albuquerque, N 


• 

o 

c 

o 

-M 
C 

-c: 
to 





B 
S- 
O 

ro 

C 
4-) 

to 

o - 

I — ^ 

o ^ 
o 

4J ^ 



C3 '-^ 

n 



* f 

4c ^ 



C5 































— $= 
















































-C o 






















cn 


sz u 












U (U 






















c 














10 
























to 










c 


o ^ 






















•o 


O ^ 




































CO 


































o 
































CO 




• — 


s- 






























CM 






(0 










3: 


o ^ 

r— 










c 


2400 
baud 




• 

CNJ 


t 




in 

CM 


10 ch 
/sec 












S- 














































•o 


























x: o 












O 




in 








x: o 






















o 


O 13 




• 


t 




c 


U CD 












10 
















in 


CO 






I/) 












o — 












1— X) 




CO 


o\ 




"O 


O ^ 










(U 


CO 






















fO 


CO 










<M 


— 1= 










in 












o 












•r- 














5- 












u 










C 


10 ch 
/sec 












30 cha 
/sec 










O 

in 


10 cha 
/sec 
































a 
































CO 






CD 














sz <v 












O 




• 


• 




c 


Si/ 












U 10 












CP 3 








to 


























O) 




CM 


CM 




•o 














o 










c 


Cvj .O 








a 
















CO 










•r— 












o 


CO 










c 


— i= 










•o 
























•r- 


















VD 


CM 


1 




ro 










c 


x: <J 
























r" t i 












U (U 












O 




• 




00 


in 












> 


iO 
















CM 


cn 






































<: 
























O 


































LO 




-a 




















































V- 


















































































r* c 1 










• 


r* CJ 


























r> 


















* 




lO 

o 












(/) 










c 

•c— 


i/) 












CO 












CO 


> 








T) 


CO 


































fO 









































A 1 
f 




sz u 














o 


CM 
• 


• 




O 


x: u 








Q 




lO 












C_J -J 


c 


















O 




















^— 






LO 










o 








, - 










t_ 








CM 
























o 




























C\J 








c 








VD 


















. o 


• 


• 


• 




•r- 


O TJ 


10 


in 






C7) 


x: u 












o 


CO 


CO 


CO 


UJ 


•o 


O ZJ 




• 


• 




C 


u <u 












CNJ 


CO 


CO 


CO 








to 


CO 


CM 




























O 


r— jQ 


o 
u 


CM 


CO 




•o 


o ^ 

CO 




































L 
























5= 










O 






















o 




OS 


r- 








r— 


ro 




















UJ 


LO 






■Jc 








JZ u 












o 












U CJ 


U 










u cy 












o 




< 




(/) 


O 








O 


to 












KO 


UJ 




o ^ 


r-~ 








in 


o ^ 
















-J 




c*o 








































































1 


00 


CO 


CO 




CJ) 














o 












o -o 


CM 


CM 


CM 




c 


s: u 












o 










s- <u 


• 


• 


• 


























Q. U 


LO 


in 


LO 


r— 


•o 


in 
























KO 


\o 


ID 




O 


o ^ 


































r~ 




























CM 


CM 




1 




rQ 








LU 












t/> 






CO 


CO 








SZ u 










C>J 








o 




a u 


• 


• 


• 


</) 


in 


U 0) 








CL 








cs: 




B C 




ID 


CO 






(/) 








< 










<: 
o 




O 3 
U CL 












o ^ 














"' o 




• 












• 








-a 














• 










•o 


• 










•a 


• 










fO 




• 












• 








rO 




• 








V- 
















o 








$- 




Q 








o 












O 












O 


ft 










r— 




• 








r— 


GJ 










1 — 


0) 










O 




c 








O 




c 








o 




c 








O 


cr 
V- 


o 








o 


cr 
V- 


o 
■p 








o 


cr 


o 










(U 


o 










(U 


Ol 










o 


CD 








V- 




c 












£= 








$- 


:3 


C 










cr 


•1 — 










CT- 












cr 










> 












> 




SZ 








> 




r~ 








c 


X) 










c 




(/) 








c 


X3 










Q> 




































O 












o 












o 


< 


3^ 



to 

C) 
C7) 
n3 
E 



o 

o 
o 
o 

VD 



00 
00 

o 
o 

2: 
o 



CO 

00 
o 



t 

V 

c 
c 





4-J 


-M 




fO 


V- 


r— 








U 








a; 




0 


r— 






0 


♦r* 






r— 




rj 


c 


U 




♦r— 








U 








U 


c 


1—4 





















ERIC 



